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PREFACE TO SECOND EDITION. 



The earlier edition of this series of es- 
says iiaving been exhausted, a new issue 
has been determined upon. 

The methods of surveying herein de- 
scribed accords so completely with the 
latest practice, that this new edition 
seems quite certain to prove even more 
widely useful than the former one. 

The text and diagrams have been re- 
vised. 

GEO. W. PLYMPTON. 



PREFACE. 



The essays republished in this Kttle 
volume have abeady won the approval of 
practical surveyors, having appeared as 
original contributions in the ENGINEERING 
Magazine. 

It is in answer to an increasing demand 
for a god guide to modem methods of 
surveying areas that the articles have 
been brought together to form a single 
volume. 



I 



ON 



TOPO&RAPHICAL MTEYM 



BY 



GEO. J. SPECHT, C. E. 



ON TOPOGRAPHICAL SURVEYING. 



The object o£ Topography is to deter- 
mine the relative positions of points of 
the earth's surface, that can be referred 
without error to a tangent plane, and 
therefore independent of the sphericity of 
the globe. 

The operations of a topographical sur- 
vey, consequently, are two — namely, to 
first project a system of points upon such 
a tangent plane ; and, secondly, to find the 
distances of the same above or below the 
plane; or, in other words, to measure the 
lengths of the projecting normals. The 
first process is ordinary surveying; the 
second, leveling. 

The results of a topographical survey 
are laid down iii a so-called topographical 
map, which is a representation or com- 
plete image of the ground on a reduced 
scale. 
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Topographical maps are of the greatest 
convenience in locating railroads or other 
roads, in planning irrigation works, drain- 
ing works, in mining enterprises, in miHtary 
operations, &c., &c. In a topographical 
map the configuration of the ground is 
reduced to an image, which represents 
to the eye a large area at one glance, 
which in nature could not be. viewed 
but by many separate inspections ; there- 
fore, the judgment about the relation of 
the different parts of the work will be 
a clearer and more intelligent one. This 
refers especially to mining work, where 
very frequently the problem occurs, to 
strike a vein ^vith a tunnel in a certain 
level. In this problem a correct topo- 
graphical map will often save the mining 
company several hundred feet of tunnel 
work, or, in other words, thousands of 
dollars. 

One reason why topographical siu'veys 
are not oftener made, is certainly the 
slowness on one hand and the inac- 
curacy on the other hand of the old 
methods. 



Two different methods have hereto- 
fore been employed j one has the great 
disadvantage of slowness, and the other 
that of being unreliable. The first is a 
combination of common surveying with 
leveling. Provided these two operations 
are carried out with all possible care, the 
work will be a very exact one j which, 
however, will partly be lost by the in- 
accuracy of the drawing. Therefore, in 
this method, the field-work is unneces- 
sarily superior to the requirements of 
the case, as the reduced scale of a 
topogi^aphical map does not allow the 
representation of the smaller details. And 
as the topographical map is the first and 
direct object of a topographical survey, 
the latter ought not to be more exact 
than the scale of the map requires ; for 
instance, if the map is made on a scale 
of 1-5000 (V' = 4:16.6') the distances on 
the map can be read or estimated with 
any certainty only within four feet. Con- 
sequently, the survey does not need to 
be more detailed than to correspond to 
this limit. The second method is also 
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a combination o£ common surveying 
with leveling, yet in a more hurried and 
therefore unreHable manner ; it is on 
ground of a measured and leveled base 
to sketch the surroundings. As a mat- 
ter of course the correctness of a topo- 
graphical map, derived from such a 
survey, depends entirely on the abihty 
of tho topographer to estimate the 
relations between the different points. 
And as there are too many sources of 
error such topographical maps are but 
little value J they render good service in 
military reconnoissance, but hardly any- 
where else. 

Without going into the details of the 
old methods (which are shortly treated 
in Gillespie's Handbook ) I shall proceed 
at once to give an account of the new 
method of topographical sur\^eying. The 
word '^ new " is justified only in view 
of the two above-mentioned methods^ 
as the one to be described has been 
known since 1852, when the Italian Pro- 
fessor and Officer of Ai*tillery, Porro, of 
Milan, gave an account of this method 
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Amrnles des Fonts et ChausseeSj and 
when also the French engineer, Minot, 
published a treatise on this subject. The 
French and the Italian were the first 
who used it j then it came largely into 
use in Switzerland, where, in connection 
with the plane table, it was and still is 
used for the beautiful and masterly-exe- 
cuted topographical maps of Switzerland, 
in a scale of 1.50,000, with contour lines 
of 30 meters distance. Austria and Ger- 
many followed neyiij and are using it 
largely in railroads and similar enter- 
prises. To-day it is used in those 
countries wherever any work of that 
kind is done ; the Prussian General StafE 
employs it nearly exclusively. When 
and to what extent it was introduced in 
the United States is not known to the 
writer, but the note of A. S. Hardy,, 
Professor of Civil Engineering in the 
Chandler Scientific Sx;hool, in Van Nos- 
trand's Engineering Magazine^ ^^g-? 1H77, 
indicates that this method was then 
hardly known, for otherwise he would 
not have praised the old, old method 
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he mentions, as quite a new application 
o£ contour lines. The United States 
Coast Survey uses this new method ex- 
tensively in connection with the plane 
table. 

THE NEW METHOD 

of topographical surveying consists in 
simultaneously obtaining the horizontal 
and vertical positions of a point ; in other 
words, each point is determined by one 
operation in reference to its horizontal 
and vertical location. This is accom- 
pUshed by the use of a transit with the 
so-called stadia wires and a vertical 
circle, and a leveUng rod or so-called 
telemeter or stadia-rod. 

Besides the ordinary honzontal and 
vertical cross hairs of the diaphragm of 
the telescope, two extra horizontal hairs 
are placed parallel with the centre one 
and equally distant on each side of it, 
which, if the telescope is sighted at a 
leveHng rod, will inclose a part of this 
rod or stadia rod, proportional to the 
distance from the instrument to the rod. 
By this arrangment we have obtained 
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an ^ngle of sight, which remains always 
constant. Supposing the eye to be in 
the point (Fig. 1), the lines Oe and 
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O A; represent the lines of sight from the 
eye through the stadia-wires to the rod, 
which stands consecutively at hCj idj hcy. 
gb and fa. According to a simple geo- 
metrical theorem we have the following 
proportion : 

0«: Oh : Oc : Od: Oe : ■= af: hg : cli : di : 
eh J which means that the reading of the 
rod placed on the different points r/, h^ c, d 
and e is proportional to the distances Oa, 
06, Oc, O^ and Oe. 

The system of lenses which constitute 
the telescope do not allow the use of 
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tliis proportion directly in stadia measure- 
ments, because distances must be counted 
from a point in front of "the object glass 
at a distance equal to the focal length of 
that lens. 

Fig. 2 represents the section of a com- 
mon telescope with but two lenses, be- 
tween which the diaphragm with the 
stadia-wires is placed. 

We assume : 
/ = the local distance of the object glass. 
p = the distance of the stadia- wires a and 

h from each other. 
d = the horizontal distance of the object 

glass to the stadia. 
a = stadia reading (B A). 
D = horizontal distance from middle of 
instrument to stadia. 

The telescope is leveled and sighted to 
a leveling or stadia rod, which is held ver- 
tically, hence at a right angle with the 
line of sight. According to a principle 
of optics, rays parallel to the axis of the 
liMis meet after being refracted in the 
focus of the lens. Suppose the two 
istadia wires are the sources of those 
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rays, we have, from the similarity of the 
two triangles, a' W F and FAB the 
proportion : 

{d—f): a=f: p. 
The value of the quotient,/: p^ is, or at 
least can be made, a constant one, which 
we will designate by the letter A;; hence 
we have : 

(d—f) = FG = Jca. 

In order to get the distance from the 
center of the instrument N, we have to 
add to the above value of FC yet the 
value c. 

c = OF + ON. 

ON is mostly equal to half the focal 
length of the object glass, hence we have 

C =/+/, = 1.5/ 

Therefore the formula for the distance 
of the stadia from the center of instru- 
ment, when that stadia is at right angles 
to the level line of sight, is : 

(1) I) = ka + c. 

When the line of sight is not level, but 
the stadia at right angles to it, the formxda 
for the horizontal distance is : 



(2) T) = kavosn + c + om. 

The member om = ssinw; fora = 24', 
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« = 45° the value of om is but 8.4', and 
for a = 10', n = 10° it is 0.86' ; this shows 

that om in most cases may safely be 
omitted. 

Some engineers let the rodman hold the 
staff perpendicular to the line of sight; 
they accomplish this by different devices, 
as, a telescope or a pair of sights attached 
at right angle to the staff. This method 
is not practicable, as it is verj^ difficult, 
especially in long distances, and with ver- 
tical angles for the rodman to see the 
exact position of the telescopes, and fur- 
thermore, in some instances it is entirely 
impossible, when, for instance, the point 
to be ascertained is on a place where 
only the staff can stand, but where there 
is no room for the man. The only coiTect 
way to hold the staff is vertically. 

In this case we have the following: 
(Fig. 4). 

MF = c + GF=:c + A;.C.D. 

CD must be expressed by AB. 

AB = a. AGB = 2m. 

CD = 2aFtan.m. 



\ 




By the similarity of the two triangles 
AGF and BGF, we have after some 
transformations 

AF + BF = GFsinm 

( 1 + 1 \ 

\ cos (w + w) "^ COS (n — m) / 
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GF= J^5_,AF + BF = a 
2 tan m 

a = CD. 

cos m. sin m cos {n — m)-\- cos {n + m) 
2 sin m cos (w + m) cos (/^ — m) 



.a^^^^^a ^:„a :„3 



pT)_-^ COS w COS w — sm /ism m 

cos /i cos m 



cos w 



D ( cos' n cos'* m — sin'' n sin'' m) 

= c-^-h.a 1 

cos n cos n cos m 

D = c. cos w + «• A;, cos' n — a.h. sin" /^ tan' m. 

The last term may safely be neglected, 
as it is very small, even for long distances 
and large angles of elevation (for 1500', n 
= 45° and h =-. 100, it is but O.OT'). There- 
fore, the final formula for distances, with 
a stadia kept vertical, and with wires equi- 
distant from the centre wire is the follow- 
ing: 

(3) J) = c.cosn-\-a.k.cos^^n. 

The value of c.cosw is usually neglect- 
ed, as it amounts to but 1 or 1.5 feet : it is 

e|cajlt.enji\i^:to add always 1.25' to the 
. • r : •.. • • 



• • 
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distance as derived from the formula with- 

(3a) D = a. A;, cos^w 

out .considering the difEerent values of the 
angle n. 

In order to make the subtraction of the 
readings of the upper and lower wire 
quickly, place one of the latter on the 
division of a whole foot, and count the 
parts included between this and the other 
wire : this multiply mentally by 100 (the 
constant k) which gives the direct dis- 
tance d\ 

In cases where it is not possible to read 
with both stadia wires, it is the custom 
to use but one of them in connection with 
the center wire, and then to double the 
reading thus, obtained. With very large 
vertical angles, this custom is not advisa- 
ble, as is shown by the following theoreti- 
cal investigation : 

Take the same figure 4, as above, 

B G si nm A G sin w 



BF = 



sin. (90° + n)'^'^ ~ sin (90° — n) 

GF.sinw 

sin(90®— w— w)^ 
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GF.sinw 



AF = 



sin (90 — m-\-n) 
BGsinm GF.sinw 



sin{90® + w) - sin[90°— (w + m)] 

BG __ GF ^^ GFcosn 

COS n cos {n-\-m)^ cos (w + m) ' 

GFcosw 



GA = 
BG:AG = 



cos (n = m) 
GFcosw GFcosw 



cos (n + m) cos {n — m) 

BG: AG = cos(w — m) : cos(/i + m) 

BF: (BF + AF) = cos(w— w): 

[cos {n — m) + cos (w + *w) ] 

AF: (BF + AF)=r(cosw + m): 

[cos {n-\-m)-\- cos (w — m) ] 
BF.2cosncosm 
cos w cos m + sin w sin m 

AF.2coswcosw 



cos w cos m — sm n sm m 
BFcos*^cosw BFsinwsinm 



cos/»cosm cos /e cos m 



_ AFcos/ecosm , AHsin/esinm 
cos n cos m cos w cos m 

BF(1 — tanwtan/w) = AF (1 + tanwtanm) 
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a . „ a 

Now, if we multiply one of these values 
by 2, we see that the result is not equal 
to a, but equal to a ^ a tan n tan m] hence 
the distance D is either too long or too 
short by the amount of a, k, cos*'H;an n tan 
m; for a = 15', n = 45° and Tc = 100, the 
distance measured with both stadia wires 
is 749.7', but as measured with only one 
stadia wire and the centre wire, we have 
either 753.4' or 746.0', which is an error 
of 0.50^ 5 for a = 15', n = 22° and k = 100, 
we have correct distance = 1289.1', dis- 
tance with one wire, either 1286.5' or 
1291.7', which is an error of 0.25^. 

To find the height of the point where 
the stadia stands, simultaneously with 
the distance, we have the following: 

We assume, in reference to figure 4, 

(J = height of instrument point above 
datum. 

M P = D = horizontal distance as derived 
from formula (3). 

n — vertical angle. 
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/i — FE = stadia reading of the centre 
wire. 

Q = height of stadia point above datum ; 
it is, 

Q = g+Dtan/i — h. 

The subtraction of h can be made di- 
rectly by the instrument by sighting 
with the centre wire to that point of the 
rod, which is equal to the height of the 
telescope above the ground (which is in 
most cases = 4.5') ; g will be constant for 
one and the same instrument point 5 then 
the above formula : 

Q = Dtanw; 

this, in connection with formula ( 3 ) gives 

Q = c sin n-\- a. k. cos n. sin w. 

. sin2n 

i^ = csnin-{-a.k. ^ * 

The first form of the equation can be 
neglected when the vertical angle is not 
too large J hence the final formula for 
the height is 
/r:\ ^__a.k.9m2n 

The position of the stadia must be strictly 
vertical. 
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Without giving here the theoretical 
investigation of the manner in which an, 
incHnation of the stadia towards or from 
the instrument affects the distance, I 
shall mention but the results of the inves- 
tigation on this subject. The following 
table is calculated from a formula given 
by Professor Helmert, of the Royal 
Polytechnic School in Aachen (Germany) : 

12.0 



n. 


a = 
2.0 


3.0 


4.0 


5.0 


6.0 
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10.0 
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0.34 


0.43 
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1.80 
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1.01 
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2.08 
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4.68 
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7.49 


7.80 


8.19 



D— D' = ± ikAn2nsmo J2 wr« -f- 1- 
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where D is the reading at a stadia exactly 
vertical. 

D' is the reading at a stadia not 
yertical. 

k = the constant, n = vertical angle, 
= angle of inclination of the stadia when 
not held exactly vertical, w = height of 
the center wire, and a = stadia reading. 

The table is calculated for k = 100, sin 
= 0.01, and for m = 1', 4.5' and 10'. 

The error increases with the height of 
m'j in shorter distances the result is 
sevenfold better when the center wire is 
placed as low as one foot than it is at 10' j 
in longer distances this advantage is only 
double. 

It is always better to place the center 
wire as low as possible. K the stadia is 
provided with a good circular level, the 
rodman ought to be able to hold it verti- 
cal within 500 seconds ; that means, that 
the inclination of the stadia shall not be 
more than 0.023' in a 10' stadia, or 0.034' 
in a stadia of 15' length. 
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DETERMINATIOSr OP THE TWO CONSTANT 
OO-EPFICIENTS t AND k. 

Although the stadia wires are usually 
arranged so that the reading of one foot 
signifies a distance of 100 feet, I will ex- 
plain here how to determine the value of 
it for any case. Suppose the engineer 
goes to work without knowing his con- 
stant, and not having adjustable stadia 
wdres. The operation then is as follows : 

Measure off on a level ground a straight 
line of about 1000' length; mark every 
100', place the instrument above the 
starting point, and let the rodman place 
his rod on each of the points measured 
off; note the reading of all three wires 
separately, repeat this operation four 
times ; the telescope must be as level as 
the ground allows ; measure the exact 
height of the instrument, i. c, the height 
of the telescope axis above the ground. 
Then find the difference between upper 
(o) and middle (m) wire ; between middle 
(m) and lower {n) wire, and between 
upper {o) and lower {n) wire, from the 
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four di£Berent values for eaoh difference 
determine the average value j then solve 
the equation for the horizontal distance 
(1) J) = k.a.-{-c.j with the different aver 
age values, and you find the value of k 
and c. In case the stadia wires should 
not be equidistant from the center wire 
there will be three different constants, one 
for the use of the upper and middle, one 
for the use of the middle and lower, and 
one for the upper and lower wire. The 
following example, which occurred to 
me, will explain these rules (the meas- 
ures are meters, which, of course, make 
no difference) : 
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The base was 115** long. 
Out of these observations we derive the 
following means : 



1 

a 


Differences. 


— Wl. 


m^-w. 


— u. 


24 

50 

75 

100 

115 


0.201 
0.405 
0.610 
0.815 
0.939 


0.184 
0.371 
0.560 
0.746 
0.860 


0.385 . 

0.776 

1.170 

1.561 

1.799 



The different values of these differences, 
applied to the formula for horizontal dis- 
tances (the angle of elevation is so small 
that it need not be considered), 

jy=.]c.a-\-Cj 

we have the following fifteen equations : 
Equations for {o — m) 

25'~ = 0,201A; + c. 

50^ = 0.405 A; + c. 

I. { 75*^ = 0.610 A; + c. 

)lOO^ = 0.815A; + (?. 

115'^ = 0.939 A; + c. 
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Equations for (m — n) 

( 25^ = 0.184 A; +c'. 

50^ = 0.371 A; +c'. 

11. \ 75'^ = 0.560A; + c'. 

100^ =0.746 A; +c'. 

1^115^ =0.860 A; + c'. 

Equations for {o — n) 

25'» = 0.385A; + c''. 

50^ = 0.776A;i-c". 

III. ^ 75«^ = 1.170A; + c". 

100^ = 1.561 A; -fc". 

115^ = 1.799 A; + c". 

By solving these equations, we obtain 
the following average values for the con- 
stants k and c, h' and c', and h" and c". 

For the group I, we have : 

A; = 122.30, h = 0.40. 
For group II. : 

h = 133.30, h' = 0.45. 
For group III. : 

k" = 63.70, h" = 0.50. 

This example shows one of the most 
unfavorable cases, as we obtain three dif- 
ferent values for each of the two con- 
stants, because the stadia wires are not 
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equi-distant from the center-wire. If the 
stadia wires are adjustable, the engineer 
has it in his power to adjust them so that 
the constant k = 100, and A;, = 200, which 
he accompHshes by actual trial along a 
carefully measured straight and level 
hue. 

The constant C, which is one and a 
half times the total length of the object- 
glass, can be found closely enough for this 
purpose by focussing the telescope for a 
sight of average distance, and then meas- 
uring from the outside of the object-glass 
to the capstan-head-screws of the cross- 
hairs. This constant must be added to 
every stadia sight ; it may be neglected for 
longer distances. 

THE INSTRUMENTS 

used in this method are the following : 

1. A transit or theodolite, which in 
general construction is like the common 
one ; the only new features of it are the 
stadia wires and the vertical arc. 

The diaphgram carrying the cross wires 
has two sides, which can be moved by 




small capstan head screws, and on each 
end of which one stadia wire is fastened; 
an inserted spring mi^es their position 
more steady. By means of those screws 
the distance of the stadia wires from the 
center wire and from each other can be 
adjusted at will. 

For stadia measurement it is far prefer- 
able to use a telescope with inverting eye- 
piece a.s they allow a longer distance to 
be read; the little inconvenience at first 
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of seeing the objects inverted will very 
soon Ije oveicome, aud the engineer will 
gladly adopt it, because it enlarges the 
range of hib work so adv&ntageously 
Light and magnify ing power are the 
essential points £01 a telescope used in 
stadia measurements, more than m any 
other branoh of surveying Therefore, 
the telescope ought to ha\ e none but the 
two lens negatl^e eye piecp, which in\erts 
the objects The «o called Kellner's 
orthoicopic eje piece should be used 
(Pig 6) it la completely aLhromatio, 




and has the great advaiitagi', which no 
other eye-piece has, of an actually flat 
field and a straight flat image of any ob- 
ject, correct in perspective, distinct in its 
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whole extent. It consists of three lenses, 
the bi-convex collective lens C, the flatter 
curve of which is towards the object- 
glass, and the achromatic lens O, which 
is composed of two lenses, similar to the 
achromatic object-glass. The diaphgram 
hj b, is a further peculiarity of this eye- 
piece. Messrs. Buff & Berger in Boston 
use such eye-pieces in their instruments. 
The vertical arc must be larger than 
usual, so as to allow of a vernier reading 
of at most one minute. In order to make 
no mistakes in reading the vertical angle, 
whether it be an angle of elevation or 
depression, the numbering of the vertical 
arc must be so arranged that the zero 
point of the arc corresponds with the zero 
of the vernier, when the telescope is 
level, and the numbers go from 0° to 
360°. By this arrangement the observer 
knows at once whether the angle is an 
angle of depression or one of elevation, 
without using the signs of minus or 
plus. The now very often preferred 
arrangement of making the vertical arc 
fixed, and the vernier movable mtli the 



36 

telescope is far inferior to the fixed ver- 
nier and the movable arc. 

A transit or theodolite fitted out in 
this way is called a tachometer, which 
means " quick-measurer," and hence this 
method is " tachometric." 

The next instrument essential to the 
topographical survey is the rod or stadia 
rod or telemeter; this is a self -reading 
leveHng rod, with a graduation fit to be 
read at a long distance. A good rod 
must have the following quaHties : 

1. It must be Hght and handy for trans- 
portation. 

2. The graduation must be distinct and 
visible at long distances ; it is not to be 
closer than one-tenth of a foot, as other- 
wise the reading would become confusing 
for longer distances. Experience teaches 
that smaller subdivisions can more ex- 
actly be estimated than read by a direct 
division. 

8. It must have a good and reliable 
an'angement to enable, the rodman to keep 
it in the required position. 

It is advantageous to add a target to 
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the rod, which is used but for the most 
important points, especially at new sta- 
tions for the instrument. 

The rod consists of two or more parts, 
which are either entirely separated dur- 
ing the transport and put together by 
means of screws or otherwise, when 
used, or they are connected with each 
other by hinges, or are made to sHde in 
or along each other. I am using one 
which consists of three separate pieces, 
each 5 feet long and of a cross section, 
as shown in Fig. 7 ; the ends are pro- 
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tected by iron shoes ; the pieces are joined 
by screws. On the back is a circular 
level (Fig. 8). 

As to the pointing of the rod, the two 
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styles shown in Figs. 10 and 11 are very 
practical. The alternative position of 
the feet makes the reading a great deal 
easier and the whole graduation much 
more distinct. Fig. 11 represents a so- 
called " combinatdon rod, " which can 
Fig. 9. 




serve as a common leveling rod by means 
of the small subdivisions. The largest I 
use is represented in Fig. 9; it slides 
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along the small edges of the rod; the 
circle do not tonch each other, but are 
yet so close that the exact center of the 
target can be estimated very exactly; it 
has no vernier, which, however, could 
easily be attached. 

In order to save a second tai^et, the 
eud of the stadia is shaped as shown in 
Pig. 12, BO making it a stationary target. 



Fig. 12. 




The colors to be naed are best either 
black and white, or red and white; red 
has the advantage that the cross wires 
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can be distinguished on it, wHch they 
cannot on a black division. The white 
ought to have a light yellow shade. 

These are the instruments used in the 
stadia method of topographical survey- 
ing. Now, I shall describe the mode 
and manner of working ; I have to make 
the distinction between work done with 
the tachometer and work done with the 
plane-table. 

For railroad surveys, with the tachom- 
eter, the field party must consist of two 
engineers, one assistant, two rodmen, 
who serve at the same time as flagmen 
and eventually as chainmen, one or two 
axmen. The engineer in charge of the 
party, after a general reconnoissance of 
the country, selects the point upon which 
the rodmen have to place their stadia ; he 
makes sketches of the general lay of the 
country in his field book, and numbers 
the points in his book as taken by the 
stadia, Groldschmidf s Aneroid will be a 
good companion for him. 

The purpose of the work and the scale 
of the topographical map — if such is to 
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be made — determines the number of 
points to be taken. In raib^ad work it 
will generally suffice to take as many- 
points as will enable the engineer to 
make an intelligent estimate of the 
amount of earthwork to be done, and to 
make accordingly changes of the line in 
his map without going anew into the 
field. The engineer in charge of the in- 
strument places the same over the initial 
point, which is chosen so that as large a 
field as possible can be seen from it, with- 
out regarding whether it is in the prob- 
able future line. One of the rodmen takes 
all points to the left, the other all those 
to the right of the instrument; it is a 
matter of course that the rodmen must 
be quite intelUgent and well instructed. 
The assistant has charge of the field 
book and writes down the readings which 
the engineer calls out. He also gives 
the signals to the rodmen as directed by 
the engineer, and, if time permits, makes 
the necessary calculations. Some engi- 
neers do away with this assistant, but the 



43 

employment of one expedites the work to 
a great extent. 

A good and distinct system of signals 
between engineer and rodmen is very 
essential. In order to avoid confusion, 
each tenth point of each rodmen is indi- 
cated by them by a signal ; also roads, 
trails, creeks, and similar objects must 
be marked in a similar manner. Where 
only one rodman is employed, a whistle 
or little trumpet will suffice; when two 
or more rodmen are at work each must 
have his own style of signal. 

Two, or at the most three, rodmen are 
plenty to keep the engineer and one as- 
sistant busy. 

In order to avoid mistakes the rodman, 
who is not sighted at, but has already 
arrived at his iiew point, should not put 
up his staff in correct position before 
he hears the signal, which allows the 
other one to move, but must keep it in an 
inclined position, being ready to place 
it correctly as soon as required. A well 
tmderstood code of signals is a verj- im- 
portant point. 
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After a sufficient number of points has 
been taken, one of the rodmen goes to 
the engineer in charge, who selects the 
next point for the instrument, which he 
must select in reference to a good fore- 
sight and in understanding with the en- 
gineer on the instrument, as the latter 
must give the correct grade by setting 
his telescope at a vertical angle correspond- 
ing to the grade the road shall have. Here 
the rodman uses the target. After such a 
point has been selected, the instrument is 
removed to it. Meanwhile, the second 
rodman has returned to the former in- 
strument point and placed his rod with 
the target on it; after the engineer has 
taken his back sight to this point and 
checked by it his first stadia reading, the 
rodman comes to him and they proceed 
as before. 

That disturbance in the position of 
the telescope may be detected and ac- 
cordingly taken into account, it is advis- 
able to sight at the beginning of the 
work at a fixed and well marked point, as 
a house corner or any other well defined 
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object, and to sight at it again at the end of 
the work before removing the instrument 
to the next point. This is a check which 
ought never to be neglected. 

In order to determine the distance 
between the two instrument points as 
exactly as possible, and to free the same 
of all instrumental errors, the readings 
for those points must be done in both 
positions of the telescope. The horizontal 
angles for those points must be read not 
only with the needle, but also with both 
verniers ; this also ought to be done for 
the determination of houses, bridges, or 
other important points. If the instru- 
ment has a repeating circle, it is advan- 
tageous to place the zero point of the 
verniers on the zero point of the limb, 
when the telescope is pointed to the pre- 
ceding standpoint. 

Another precaution, to guard against 
errors in the distances, is, to determine 
two or three points in the line about 
half way between the two stand points, 
which are sighted at from either one. By 
this, two measurements of the distance 
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are obtained, each independent of the 
other, thus giving a very good check. 

The method as described above, of 
course, allows many variations; each en- 
gineer will soon form his own style of 
working : so, for instance, if good, reliable 
and inteUigent rodmen are to be had, 
one engineer for the whole party will be 
sufficient ; the progress perhaps will be a 
little slower, and then besides, the above 
method has the advantage, that the en- 
gineer in charge has an opportunity to 
make himself thoroughly acquainted with 
the ground, to make valuable sketches and 
notes. 

The proceeding in a topographical sur- 
vey for other purposes than railroads, 
must be a little different, according to the 
space to be embraced. For railroad sur- 
vey, only, but a narrow strip of land on 
both sides of the line is required ; but for 
mining, irrigating and similar purposes 
the field to be surveyed is of larger extent. 
Therefore, the following proceeding is ad- 
visable. First select a sufficient number 
of points all over the country to be sur- 
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veyed, which shall be the future points of 
the instrument. Select those points so^ 
that at least two other points can be 
sighted at from each, and that as large an 
area of ground can be surveyed from it 
as possible. Secure them with good, solid 
monuments ; then make a triangulation of 
those points ( which operation sometimes 
may be combined with the actual topo- 
graphical survey), and determine their 
heights by a careful leveling. After this 
proceed with the topographical survey as 
described before. 

This method, of course, is compara- 
tively slow, but gives most satisfactory 
results, as the work is constantly checked 
by the triangulation and leveling, which 
was done independently of the topograph- 
ical survey ; it is the best method for all 
mining and irrigation enterprises, and, 
generally speaking, for all undertakings, 
where permanency of the works is con- 
templated, and where during the course 
of the survey some engineering work is 
in progress. Here, those points, trigo- 
nometrically determined and well served 
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by good monuments, will always serve as 
reliable points of reference and check; 
they are of permanent value. 

Sometimes it will suffice to determine 
only a limited number of trigonometrical 
points, but well selected, so that they can 
be seen from a great many points in the 
^eld to be surveyed ; then the instrument 
points are determined in reference to them. 
This method will prove most convenient 
with the plane table, as the points then 
<}an be determined by the throe point 
problem. 

Although most engiueei*s will make 
their own blanks of field book^ to suit 
their views and customs, I give here a 
blank, which has served a good purpose. 
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The stadia method, heretofore described 
in connection with the tachometer, is still 
more useful with a planetable. 

The ahdade is profitably provided ^vith a 
so-called parallel ruler, which contributes 
a great deal to the quickness of the woric, 
and — although not correct from a theoret- 
ical point of view — is quite exact enough 
for the work usually required. 

The compass box must be a rectangular 
one to allow a line to be drawn along its 
edge. By this, the North Kne is directly 
drawn upon the paper. After a sheet is 
filled, or the work finished, it is ad\'isable 
to draw the scale on the sheet itself, so 
that the changes of the paper shall not 
introduce error. 

For all further particulars about the 
plane-table, I refer to the book published 
by the U. S. Coast Survey on this subject, 
and, for the adjustments of the instru-' 
ments, I refer to the cat^ilogues of the 
different makers. 

I will now refer to those topographical 
maps in which the topography is repre- 
sented by means of contour lines- To 
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use the words of Professor L. M. Haupt : 
" This method of representing topography- 
is vastly superior to any other, as it 
exhibits exactly the slope of any portion 
of the ground, gives the elevation of the 
base of any object within the tract, en- 
ables one to make vei'tical sections in any 
direction with accuracy from the plot, 
and so locate roads, paths or other feat- 
ures upon a given grade or at any desired 
elevation, and furnishes the means of 
calculating the contents of irregular solids 
with great precision. " 

A contour line is a Hne which connects 
all points of .one and the same height 
with each other ; therefore, their nearness 
or distance on the maps indicate the 
steepness or gentleness of the slopes ; the 
nearer together, the steeper, and the more 
distant from each other, the gentler is the 
slope of the country represented. 

Although not exactly belonging to the 
subject of this treatise, I will say a few 
words about railroad locating generally. 
These are suggested by some remarks of 
Arthur M. Wellington, C. E., in the in- 
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troduction to his highly interesting book^ 
^* The Economic Theory of Location of 
Railroads." He says, page 18, and fol- 
lowing : 

"Another inevitable consequence of 
such general neglect is that this intricate 
science of design has been degraded in 
popular esteem, and even in the minds 
of engineers, who ought to know better. 
In former times the ablest engineers 
gave personal and unremitting attention 
to the work of location, but we have 
changed all that at the present day. As 
soon as a young man has acquired some 
facihty in transit work, and has some 
glimmering notion that curves and grades 
are very objectionable evils — or are m)t 
very objectionable evils, depending on 
whom he ^ ran transit ' for — he is forthwith, 
a locating engineer, and he is such in 
fact in so far as this, that further prac- 
tice will teach him nothing. For after 
making one or two surveys he will have 
mastered the mechanical proctiss of hand- 
Kng a party, and begin to look down 
on the work of location — because he 
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knows nothing about it. His work is 
the dead corpse of location, beginninj? 
and ending in the transit. If he is a ris- 
ing man he will soon find some other 
young man to take his place in the field, 
and do the really important work, and 
very probably begin that vicious system 
of office-location from contour maps which 
has ruined the alignment of so many 
railways. Now, all this is especially 
calamitous, for it is almost a c(^rtaintv 
that any one who has not a thorough 
theoretical^ as well as i)ractical knowledge 
of location, will fail entirely to catch 
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the governing features of the region tra- 
versed, and find the line which has prob- 
ably been lying there since time began. 
The instances are almost innumerable 
where young men — and old men — of 
this class have inin over and under and 
across a line of the highest operating 
value, and turned in a costly and miser- 
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able line at last. And the contour-map 
system does not help this evil even in 
the hands of a thoroughly capable en- 
gineer; for the contour map is simply a 
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device for doin^ ill in the office, the 
simplest part of the work, \\z. ; the first 
approximation to the adjustment of the 
Une in detail; and its most effectual of- 
fice is, to deaden the perceptive faculties 
of the engineer in charge of the party, 
and transform him into a mere machine. 
Of what value is a contour map of an 
ill-judged line? The truly difficult part 
of location is the selection of the general 
route and the final ultimate perfection of 
its adjustment in detail ; and the engineer 
who can do this work well will thank no 
one for the rude assistance of a contour- 
map location, made without the detailed 
familiarity with the ground which is 
gained by tramping over it. In fact, he 
will approximate to the detailed aUgn- 
ment quite as well and as rapidly without 
any such assistance, simply by feeling 
his way upon the ground, profile in hand, 
and his party behind him, and guided 
by a few notes from a rough plot. Nor 
will such an engineer, if he have a true 
feeling for the dignity and importance 
of his work, be content with making 
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some contour-map guesses to be tested 
by less skilled subordinates. If he is to 
interfere in any way and his judgment 
have any value on paper, it is worth more 
upon the ground ; and there is where he 
ought to be. He will detect more pos- 
sibilities while sitting on the fence in ap- 
parent idleness than by the longest study 
of maps, and however long his experience 
or brilliant his ability, he can at no time 
in his professional career have more im- 
portant financial interests depending on 
a chance inspiration. It should be more 
generally recognized that the place for 
the ablest engineers, which money will 
command, is not in the office or on con- 
struction, but in the field at the head of 
the locating party. 

" A large part of this evil is not the 
fault of engineers, but is due to the fact 
that the financial loss from bad location 
is too distant and indirect to excite an 
amateur's apprehension, and every officer 
of a railway, from the president down, is an 
amateur engineer — having all the ama- 
teur's fondness for ^ meddling and mud 
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dling^ in unimportant matters, and all the 
amateur's reluctance to recognize anything 
as important which he does not himself 
understand. The fatuity displayed by 
the average railway official in this way 
quite passeth understanding. He will 
pay lavishly for his attorney's skill in 
trickery; he will even pay respectably 
for the managei'^s skill in dealing. with 
men and with things j but he will neither 
pay for nor believe in that vastly more 
needed skill of the engineer, in dealing 
with abstract physical and mechanical 
laws, and in determining the financial 
meaning of their relationship to involved 
and contradictory facts. For this work 
he neither seeks for nor will he tolerate 
anything more than a hand to execute; 
and the law of supply and demand gives 
him just what he asks for. Especially 
is this true in location. On the great 
majority of railways surveys are entrusted 
without the slightest uneasiness to the 
first graduate of the transit who comes 
to hand : but Avhen he has completed his 
work, and construction is to begin, then 
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we may behold an extraordinary and 
amusing spectacle. Then we may see 
half a dozen business men, who probably 
show some common sense in their own 
affairs, scouring the country with a lan- 
tern to find a constructing enginec^r of 
the gi'eatest possible ability at the small- 
est possible salary — to do what f To pay 
over the money which is cdready fipenf ; 
to pare and shave at the cost of work 
which might have been avoided alto- 
gether ; to build the complicated mechan- 
ism for which they have just permitted 
Thomas, Richard and Henry to make de- 
signs and working drawings. This kind 
of folly has its root in some of the 
deepest foibles of human nature, and 
it will probably never be done with 
altogether ; but it is to be hoped that 
railway companies may more generally 
appreciate the fact that their road is 
built and equipped in the brain of their 
locating engineer — if he has any ; and 
that if his work be ill done, all the en- 
gineers in Christendom have done Httle 
to remedy his errors, though they execute 
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his folly for half its proper cost. The 
truth is, in fact, that ordinary construc- 
tive engineering is a much lower branch 
of professional labor, and makes far less 
drafts on those qualities of mind which 
make the engineer. But massive piles 
of dirt and stone and iron are visible 
(evidences of power which impress the 
imagination of the wayfaring man as 
oc^ual evidences of skill, and hence it is 
not wonderful that the ability of engineers 
is more generally estimated by the grand- 
eur of the works they have executed than 
by those whi(.»h they have avoided.'' 

I quote these words in their entirety, 
first, because they partly meet with my 
most hearty consent ; and, second, be- 
cause they are directly contrary to my 
views and opinions j and, third, because 
they contain many things which ought 
to be generally known and considered 
by everj^body interested in this question. 
I fully agree with Mr. A. Wellington, 
when he says that the location of a rail- 
road is the most important work relating 
to railroad affaii*s, which must b<3 con- 
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stantly and personally attended to by the 
chief engineer himself, and must not 
be left to an inferior and inexperienced 
" transit man/' And again, I fully agree 
with him that the locating engineer and 
the constructing and building engineer 
ought to be one and the same person, a 
person who has experience not only in 
those two branches of railroad engi- 
neering, but also in the operating of a 
railroad. As Mr. Wellington has so 
thoroughly and admirably shown in his 
book, the knowledge of the financial ef- 
fect of a grade or a curve is the most 
important in the location of a railroad j 
and this knowledge can only be derived 
from actual and personal experience ; 
their effects can be investigated intelli- 
gently and successfully only by a man 
who has a thorough knowledge of the 
constructing of the road, and why it is 
so constructed, and not oth(^rwise. The 
head of operation of a railroad ought to 
be an engineer, who is not — as ho nearly 
invjiriably is, I am soiTy to say — ham- 
pered in his doings by aboard of diiidors 
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who profess to know everything about 
managing a railroad, but who, in fact, 
do not know how to buy and sell sugar 
and coffee. (That there are some brillant 
exceptions in respect to these boards of 
directors ought not to be the cause to 
make them a rule). This, of cotirse, 
involves a higher standard of engineers 
than we usually have ; it involves the 
raising of the engineer profession to the 
importance it deserves, and finally must 
and will have. As at present the en- 
gineers are situated, it is perfectly shame- 
ful ; it is inconsistent with the purpose 
he is here for, and is damaging to the 
welfare of the enterprise he is engaged 
for. Here is not the })lace to treat about 
this question to any extent, but it is one 
of vitality to the engineers. 

As to Mr. Wellington's views on the 
contour-plan questions, I have to say the 
following : If the system of contour maps 
is can'ied on and used as it apparently was 
since Mr. Wellington became acquainted 
with it, it certainly is a *^ vicious system.'' 
But, if carried oiit in the right way, it 
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is certainly the most beneficial system 
that can be invented. To bring about 
such an effect, the following condition 
is essential : the person who makes, or 
personally and actually superintends, 
the location of a railroad, must be the 
same who locates the line in the contour 
maps; by the survey and the tramping 
over the ground, he requires a thorough 
knowledge of it, and has made himself 
entirely famiHar with all its qualities; 
the contour map, then, is for him a fully 
intelligible image of the ground, and as 
it represents a larger field to his eye than 
he can overlook with one sight in the 
field, he can judge more intelHgently 
about the relations of distant parts to 
each other; he can at once decide the 
effect a change at any point will have 
on any other point. With what right 
Mr. Wellington says, ^^for the contour 
map is simply a device for doing ill 
in the office, the simplest part of the 
work, viz., the first approximation to the 
adjustment of the line in detail, and its 
most effectual office is to deaden the 
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perceptive faculties of the engineer in 
charge of the party, and transform him 
into a mere machine, '' I cannot explain 
otherwise than that he has not had much 
experience with the system, and that he 
did not get on the right side of it. The 
contour map is just Hke a relievo of the 
ground, and enables the engineer to work 
in it as the sculptor works in his clay; 
he can mould in it as the circumstances 
require it. The engineer, who has a 
thorough knowledge of the ground, and 
locates a railroad on a contour map, in 
comparison to the engineer who locates 
the railroad but in the field, where his 
field of view is but limited, is Hke the 
general who leads a battle from an ele- 
vated standpoint, to the officer who has 
charge of only one wing of the army, 
being situated so that his eye can embrace 
but the small space occupied by his own 
regiment or battalion. Now, as a change 
of any part of a railroad line — which is 
a continuous, uninterrupted line — affects 
always some other part of it, it is neces- 
sary to investigate at once the effects the 
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change will have on the whole line. If 
there is no contour map it is necessary 
to locate a shorter or longer part of the 
line anew, which again may prove not 
advantageous, so necessitating a third 
location of this part of the road. This is 
the cause of great delay and expense. 
But when there is a contour map, such 
expenses can be avoided. The engineer, 
who is familiar with the ground, locates in 
his contour ma]) the new line, calculates 
by means of the same map the amount 
of earthwork to bo done, finds, perhaps, 
that this new line is not an improvement, 
tries another one, calculates again its 
cost, and so on until he finally finds the 
best line. And this is all done with but 
a slight expense. This, of course, always 
supposes that the contour map is a cor- 
rect one, and not on too small a scale. 
(1.1000 or 1.500 are the most practical 
scales. ) I will give shortly the account 
of a location with this system, as actually 
carried out by myself. I shall omit the 
account of the survey for the contour 
map, and shall suppost^ the latter to have 
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been made. It was constructed in a scale 
o£ 1.500, a scale which allows the small- 
est unevenness which would influence 
the location o£ railroad to be expressed. 
The base line, on which the survey was 
founded, was approximately the future 
railroad line, but, of course, without cur- 
ves. The first thing was to lay down 
the curves in the map, which were not 
staked out in the field, and to calculate 
the grade for about every 100 feet, then 
the so-called "intersecting curve" was 
constructed in the plan. This is the 
line, where a plane laid through the 
imaginary height of railroad intersects 
the ground; it represents to the eye at 
one glance approximately the point where 
too much cutting or too much filling 
would be necessitated, hence where the 
line should be changed. Where this 
was the case, the line was moved until 
it laid in about the center of the "in- 
tersecting curve," V. e., so that on each 
side of the line about an ec^ual pai*t 
of the curve was lying. This could be 
found without much calculation of cross 
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sections. When the probable best line 
was found the sections were constructed 
and calculated, which were easily and 
quickly constructed from the map ])y 
assistants, the one reading the distances 
and heights from the contour map, and 
the other drawing the cross section on 
profile paper equally divided each way. 
The areas of the sections and also the 
cubic contents were found by means 
of the planimeter, the latter in this 
way: Draw in the center of the paper 
a horizontal hue which shall be the 
axis of the ordinates, set off on it all 
distances of the cross sections, and erect 
in these points verticals ; where cutting 
is draw verticals above the line, and 
where filling, below ; then set off on 
each of those verticals the respective 
area of the cross section (the areas 
represented by length) and connect the 
end points of these verticals with each 
other, by a continual and smooth curve ; 
the scale for the areas, of course, may 
be another one than that of tlie dis- 
tances. Then find the areas of the 
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figures enclosed by those curves and the 
horizontal center hne with the plani- 
meter. These areas will be the cubic 
contents. 

These few remarks will suffice to show 
how useful the contour maps may be 
when rightly used. I shall now describe 
how the topographical map is made from 
the data derived from the tachometer. 
The first thing to be done is to lay down 
the base Hne, or the line which connects 
the different instrument points ^vith each 
other, which is done by the common 
method of latitude and departure, or 
sines and cosines. The intermediate 
points are laid down from each point by 
means of a protractor, which is divided 
into half degrees, and has on its straight 
edge two scales with a common zero 
point, which Hes in the vertical drawn 
through the line of 90". The gradua- 
tion of the protractor is numbered twice, 
once from 0"=^ to 180°, and then from 180° 
to 860°. The numbers run in the di- 
rection opposite to that of the instru- 
ment. The center point of the protractor 
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is secured by a little honi iilate with 
a hole in ita center ; this is brought 
over the station point and a needle put 
into it, so that the protractor can Ik* 
turned around it as a cent«»r j>oint. One 
person reads the angles and distaiu-es 
from the field notes (which have been 
completed first in regard to re<lue(» <lis- 
tance in height), the other pei*son fii'st 
places the ])rotractor so that the zero 
line coincides with the north Hne, then 
turns the same as much as the angle 
requires, and marks the distances by 
means of the scale and fine needle on 
the map. The scale of the protractor, 
of course, must be the scale of the map. 
After the point is marked down, the 
height as given from th(» field notes is 
written near it. After all points are hiid 
down in this manner, the contour lines 
must bo drawn, which can bo done in 
many different ways; it should be don^^ 
by the engineer who has charge of tlu^ 
field party, because he is the most familiar 
with the ground. 
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According to my experience, the best 
and quickest way is the following: Use 
paper which is divided into squares, with 
sides of one-tenth of an inch length j then 
draw a profile through the two points 
between which the contour lines shall be 
<3onstructed. The intersections of the 
horizontal lines with this line will be 
the points of the contours, and their dis- 
tance from the center vertical line will be 
their horizontal distance. 

The curves must be drawn with great 
<5are, and full understanding of the 
ground : the construction is a problem of 
descriptive geometry, and requires great 
attention. 

The points actually obtained should 
not be rubbed out after the contour lines 
have been constructed, but they must be 
preserved by a little black point, and the 
number indicating the height also in 
black. The contour lines should be 
drawn either with burnt sienna or with 
green j their numbers must be written on 
them at many points with the same color. 
Each fifth or tenth curve should be drawn 
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in a little different manner from the other 
— ^for instance, dotted or stronger j this 
contributes a great deal to the distinctness 
of the plan. All other details of the map 
should be marked black with the conven- 
tional topographical signs. The steepness 
of the ground, the scale of the map and 
the purpose of the work, d(>tomiine in 
which heights the contour lines shall be 
drawn, whether for each foot or for each 
3, 5, 10, 20, or 100 feet. 

THE SLIDE RULE. 

It would be verv tedious and slow to 
calculate for each j)oint the respective 
values according to the formula, as al)(>ve 
given for the distanc(^s and heights. 
There are s(»veral tables pul)lish(Hl which, 
with two arguments, give the respective 
values (om) is calculated bv Alfred Noble 
and W. T. Casgrain, assistants U. S. En- 
gineer office at Milwaulkee), but the best 
device is a slide rule, which was first 
constructed by the Swiss Engineer Esch- 
man, and afterwards improved by l^rofes- 
sor Wild in Zurich. 
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I suppose the theory and use o£ the 
common slide rule is known to the reader 
( if not I refer him to my pamphlet on this 
subject ). 

The slide rule as used in topographical 
surveys consists of a ruler A, a slide C, 
and a coulisse B. 

The ruler has on its upper part four 
equal scales, each of which is a logarith- 
mic scale of the common numbers. The 
scales commence with the number one, 
as the logarithm of 1=0; the space be- 
tween the numbers 1 and 2 is divided 
into 50 parts ; that between 2 and 3, and 
3 and 4 and 5 into 20 parts each, and that 
between e^ and 6, 6 and 7, 7 and 8, 8 and 
9, 9 and 10 ( or 1 of the following scale ) 
into 10 parts each ; hence the scales read 
as follows, commencing on the left 1, 

1.02, 1.04, 1.06, 1.98; 2. 2.05,2.10. 

4.95; 5.00, 5.10, 5.20, 5.30, 

9.90, 10.00. With increasing numbers 
the divisions become smaller, as differ- 
ences between their logarithms become 
smaller. The values between the divi- 
sions must be estimated. The numberi^^ 
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indicated on the scales can stand either 
for the numbers themselves, or they may 
stand for any decimal value of them: 
thus, 1 stands for 1, 10, 100, 1000, etc., 
or 0. 1, 0.01, 0.001, 0.0001, etc. ; 2 stands 
for 2,20, 2.200, 2.000, etc., or 0.2, 0.02, 
0.002, 0.0002, etc. It is a matter of 
course that the value given to one number 
of the scale influences the whole. It is 
j)racticable to give the first scales to the 
left, the value of from 10 to 100, and the 
second of from 100 to 1000. 

On the coulisse B. there is the scale of 
log. COS. w* ( see formula 3 ) ; this scale 
counts from the right to the left, as cos.- 
n is always smaller than one, their loga- 
rithms are therefore negative. The space 
from 

to 10 is equal to the log. cos." 10°, 
that from 

to 20 is equal to the log. cos.2 20°, 

to 40 is equal to the log. cos." 40"". 
The first part of the space to 10 stands 
for lo^. COS.- 4°, the second for log. cos.- 
<)°, and the third for log. cos.- 8°. The 
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part between 10 and 20 stands for each 
two degrees, and those between 20 and 
40 for each degree. 

The scale on coulisse B in connection 
with the scale on A, are used for calcu- 
lating the distance ; it is : 

Log. d = log. (a cos.'^ n) = log. a + log. 
cos*w log. a (the logarithm o£ the stadia 
reading) is given on scale A, log. cos.^n 
on scale B. 

Place the point of the coulisse B 
above the stadia reading on the scale A 
(on above the stadia reading plus 1.5^;), 
and look which number in the latter 
scale stands below the vertical angle of 
scale B ; this will be the horizontal dis- 
tance. 

Examples : Stadia reading a = 2.48', p 
= 12'', n = 5°20' ; place of scale B above 
249.6 (aJc-\-c) of scale A, and read under 
5°20' the reduced distance estimated to 
248' ; if the angle were 

10°, D would be = 242', 
20°, D ^^ = 221', 
30°, D " = 187.7', 
40°, D " = 146.4', etc. 
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Prom this instance it can be seen that 
for smaller angles the result, as given by 
the sUde rule, is not as exact as for 
greater angle, but still exact enough for 
practical purposes. 

On the shde C there is the scale of 

log. ?^^_!? [see formula (5)]. It com- 

mences with the value for 35 minutes at 
the right hand end, and the graduations 
from 1 to 3 stand for each two minutes, 
3— 5 *^ " 5 

5—10 " " 10 

10—20 " " 20 

20—30 " " 30 

3()_40 " " V 

from 40° — 50° there are no small subdi- 
visions. 

Formula (5) is 

log.Q = log.afc + log.?i2^; 

therefore, place the line for the vertical 
angle on the scale C under the stadia 
reading of scale A3 or A^ and find above 
the left index (the line with the star) the 
height. In case the left index falls be- 
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yond the scale, the center imU-x i»r th»» 
right one can lie u-sed, but it must W 
considered that the centt*r one pves ten 
times, and the right one hundred times 
the reading of the left index. 

For the number of places of the heiy:ht 
we have the following rule : If the height 
be found in the same scale as the distance 
(or the value ak) is taken and the left 
index be used, the height has as many 
places as the distance; but if, in the 
same case, the right index be used, it has 
two places less than the distances, and if 
the center index is used it has one place 
less than the distance ; if the height be 
found in the preceding scale and with the 
left index, it has one place less, and if, 
in the same case, the center index be 
used it has two places less, and if the 
height be found in the following scale 
with the right index, it has one place less, 
and if with the center index it has just as 
much as the distance. In the following 
table jg stands for the number of placets 
of (ak). 
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For smaller angles than 35 minutes the 
angle must be multipUed ( perhaps by 10 ), 
and the result divided by the same num- 
ber, which safely can be done, as for 
small angles the sine is nearly equal to 
the arc. If we had, for instance, n = 0°6', 
we would take 6x10 = 60' or 1°, and 
place this angle below the stadia read- 
ing and divide then the result by 10. 
Example: a = 3.45, n = 20'; place the 
angle 10 + 20' = 3°20' below 345, find 

^ 10 

( the exact result is 2.05. ) 

On the lower edge of the slide rule, 
there is yet another scale, which is used 
for the reduction on account of refraction 
and curvature of the earth in greatly 
extended topographical surveys. For 
this scale, the lowest index, which corre- 
sponds with the others, is to be used in 
this way : place the index of the coulisse 
B over the distance in scale A, and find 
the correction under the lowest index 
on the scale of the lower index. These 
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corrections are in the metric system. For 
instance : 

D = 500~, Correction = 0.017'^, 
D = 1000»^, " = 0.068«*, 

D = 1500^, '' = 0.16*», 

D = 2000"^, '' = 0.26'^, 

etc., which correction is to be subtracted 
from heights. 
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NEW METHODS 
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While in Paris, during the winter of 
1874, the attention of the writer was 
Called to the extensive appHcation of 
photography to topographical engineer- 
ing, as practised by the French engineers. 
This fact was pointed out in the Reports 
of the U. S. Commissioners to the Paris 
Exposition o£ 1867,* with a brief de- 
scription of the principle under which the 
process was conducted ; but so far as the 
writer is aware, the method has re- 
ceived no practical application in this 
country, nor the attention which is its 
due. The value of topographical maps, 
especially in railroad surveys, is too well 
known to be insisted upon, and the aid 
they have rendered in France, especially^ 
is very notable. Any process by which 

• Vol. V. Report on Photographic Apparatus, p. 11. 
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the time and thus expense, of a topo- 
graphical survey may be reduced, has 
therefore a pecuHar value in this country 
where the magnitude of the work has 
proved, as it were, a dead weight to any 
extended project of this natiire. The 
photographic process, for example, would 
be invaluable in the projected survey of 
the State of Massachusetts, and will 
amply repay the brief study which its 
novelty demands. . It has long been 
the practice in hydrographic and topo- 
graphical surveys to make sketches of 
the shores or landscapes, on which are 
written, near prominent points, their 
angular distances measured by an instru- 
ment. This was extensively practised in 
the hydrographic surveys of the West 
coast of France, and notably also in the 
surveys made during the voyage of the 
^'Bonite. " In the report of the Abys- 
sinian Commission made to the Academk 
ties Sciences in 1846, M. Arago urged the 
adoption of panoramic Adews, with the 
angular distances between prominent 
points (one of which should be exactly 
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located) inscribed thereon, as a preven- 
tion against errors and a precious source 
of reference for all time. Even as far 
back as 1802, a Commission had been ap- 
pointed by the French War Department 
to study this subject, and its report* 
contains the following remark: "The 
Commission beUeves it is always useful 
and often necessary, in topography, as in 
the other arts, to add to the horizontal 
projection, or plan which constitutes the 
map, a vertical projection or perspective, 
and desires that when possible this may 
never be neglected, even when at the 
time its utihty is not apparent." 

The first systematic study of this sub- 
ject was made by M. Laussedat of the En- 
gineers. For this purpose, he employed, 
in 1854, Wollaston's Camera Lucida, 
under a slightly modified form to avoid 
parallax. Subsequently, in 1861-2, this 
study was extended to the Camera Ob- 
scura. With the assistance of Capt. 
Ducrot and others, M. Laussedat used 
the process to be described in numerous 

• MemoziaJ dn Depot de la Guerre. VoL II., p. 11. 
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extended surveys, and it is to the courtesy 
of the latter, now Colonel of Engineers, 
that the writer is indebted for many 
details which are the fruit of experience 
alone. 

As evidencing the economy of this 
method in time, reference may be made 
to the work done in Savoy and the Vos- 
ges. In the former department, one survey 
of 18 days' field work sufficed for 30,000 
acres, contour lines being mapped 5 
meters apart, giving 5 months' office 
work. In another case, 110 proofs were 
taken for 20,000 acres, the field work 
consuming but 15 days. These examples 
are taken at random from among many 
instances to show the relative time re- 
quired by this and the usual method. 
This will depend somewhat, of course, 
upon the character of the country, but 
M. Laussedat has not found that it re- 
quires more than one-third that by the 
ordinary triangulative and often less. 
In the field work alone the economy is 
very apparent. The instrument employ- 
ed is a combination of the camera and 
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theodolite. The camera proper carries 
on its front face the usual objective, 
mounted in a sUding tube, so that the 
focal plane may be made coincidental 
with the sensitive plate at the rear of the 
chamber, and this tube is provided with 
the usual diaphragm to insure the dis- 
tinctness of the images. A cover similar 
to that of the telescope excludes the 
hght, but should slide easily on the ob- 
jective without disturbing the instrument 
when leveled. Once focussed, the posi- 
tion of the tube may be marked, as it 
will not be necessary in landscape views 
to readjust it, as for near and distant ob- 
jects. The grooves in which the shde 
containing the sensitive plate moves should 
be constructed with care, so that the 
latter may exactly occupy the focal plane. 
Within the chamber are placed four fine 
needles, one in the middle of each side 
near the slide, destined to intercept the 
light, thus marking on the proofs four 
points, which joined, give a horizontal and 
veHical hne through the center of the 
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field of view, whose use will be shortly 
noticed. 

The chamber is supported in the usual 
way by two cyUnders, one solid and fixed 
to a tripod with leveUng screws, the other, 
hollow and enclosing it, is fixed to the 
chamber. The chamber may thus be 
revolved about the vertical aiis with the 
hollow cyhnder which carries a vernier 
reaching a graduated hmb fixed to the 
inner axis. An 8-inch limb with a minute 
reaching vernier is sufficiently accurate for 
all operations which are to be graphically 
reprinted. 

On one side of the chamber is a tele- 
scope and level. This telescope has a 
motion about a horizontal axis, and car- 
ries in its revolution a vernier reaching 
a vertical limb fixed to the side of the 
chamber. The plate on which this ate 
is engraved is one piece with the axis, 
which projects simply far enough to per- 
mit the vertical motion of the telescope. 
This apparatus, as well as the objective, 
may bo dismounted for packing in a 
s('parate box as usual, and a counterpoise 
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on the opposite side of the chamber in- 
sures stabiUty when mounted. The ad- 
justments of this instrument are ob- 
vious: 

1st. The axis of rotation of the tele- 
scope must be vertical. In the instrument 
seen by the writer there were but three 
leveling screws, and the horizontal limb 
was so constructed that when the zeros 
of both verniers were at the zeros of their 
respective Hmbs, the level was parallel 
to a line, joining two of the screws. The 
adjustment was then readily made with 
the leveling screws and tangent screw 
to the telescope. This construction, com- 
mon to French instruments, is of course 
unessential. 

2d. The line of collimation of the 
telescope, which is provided with both 
cross and stadia hairs, is effected as 
usual. 

3d. The optic axis is made horizontal 
as in the ordinary geodesic instiniments, 
and the reading of the vernier after ad- 
justment is the error of collimation, to be 
added or subtracted, according to its 
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sign, to the vertical angles subsequently 
taken. Two important conditions must be 
fulfilled by the maker : (a) When leveled, 
the axis of the telescope and the optic 
axis must be at the same height and 
thus describe one and the sanie horizontal 
plane during the chamber^s revolutions; 
(h) The shde at the rear of the chamber, 
when in position, should be vertical and 
perpendicular to those axes. 

It is thus seen that the instrument 
differs from those ordinarily in use only 
in a few details dependent upon their 
combination, and its use requires a knowl- 
edge of only the simplest principles of 
scenographic projection. Indeed, the 
proofs are themselves oonical projections, 
the optic center of the line, which is the 
vertex of the cone, being the point of 
sight, and, as in landscape views, the 
objects represented are so far distant as 
to have their images formed on the same 
focal plane, the distance of the point of 
sight remains constant. 

Thus lot O be the optic center of the 
objective, its axis O P being horizontal. 
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and X y the glass slide at the rear of the 
camera, occupying the focal plane. Then 
O is the point of sight, P the principal 
point, m n the horizon, and any two ob- 
jects as A and B will appear at a and h. 
If a glass x' y' were placed between the 
objective and the landscape, and at a 
distance from O e({ual to O P, the repre- 
sentation would be similar to that on x y, 
and will in part correspond to a positive 
proof. 

If the perpendiculars be let fall from 
a' and b' upon the horizon m' n', and 
their feet joined with O, then will oa'^ and 
oh'' be the projections on the plane of 
the horizon of the visual rays O A and 
O B, the angle a" oh" mil be the angular 
distance between A and B reduced to the 
horizon, while the angles a' on" and V 6b" 
are the angles of elevation or depression 
of objects above and below the horizon. 
All points of the landscape at the same 
level as will appear on the horizon, 
the curvature of the earth, unimportant 
in such operations, being neglected. The 
proof is thus a conical projection whose 
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point of sight is the center of admission 
of the lens, and the distance of the point 
of sight from the plane of the picture is 
the principal focal distance. 

If then x' y' be a photographic view on 
which the position of the principal point 
P' and the horizon m' n' is known, as well 
as the principal focal distance of the lens, 
let the plane of the horizon be revolved 
about m' n' until coincident with the plane 
of the picture. O will be found at a dis- 
tance from m' n' = principal focal, and is 
the revolved position of the point of sight. 
Join the foot of the perpendiculars a' a" 
and h' h" with O, then a' oh" will be the 
horizontal angle between the objects hav- 
ing a' and h' for their images, i. e., the 
angle usually measured in the field. Fi- 
nally, the vertical angle of any object as 
that whose image is a', is obtained by 

the ratio — -, the trigonometrical tan- 
gent. 

Both the vertical and horizontal angles 
are thus determined from the vicus. 

Suppose, now, a base Hne ah measured 
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in the fi(4d, as also two angles c b a and 
c (f b on any prominent ol)ji>ct as v, and 
that (I b r be the plot to any convenient 
scale. Having two angles and a side, the 
distances a r and b c may be computed. 
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Suppose also two views ocf y' -\- x y^ 
taking one from a and one from &, and 
both containing the object c at d and c, 
respectively. Having let fall the per- 
pendiculars d c' and c^ c„ let the proofs 
be revolved about their horizons into the 
plane of the picture, and the • points of 
sight placed at a and h respectively. Join 
c" with a and c, with 6, and revolve each 
wire about a and h respectively, till c" a 
and c, h pass through the point c previous- 
ly determined. In this position any object 
on both views may be located on the plan. 
Thus, one whose images are /' and f^ will 
be found at/, the intersection of two lines 
af" and 6/, drawn from the points of 
sight to the foot of the perpendiculars 
ff" and /i/,. It is thus e\adent that 
a great number of points may be de^ 
termined without further direct measure- 
ment. The plot is verified as usual in 
the methods of intersections. A third 
view, x" y"j taken at any i)oint as ^7, 
and containing the object c, is placed in 
a position as before, so that the line 
dc^ passes through c. A line joining 
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d and f^ should pass through/. Once 
verified in this manner, all views contain- 
ing objects thus fixed can be placed in 
position. M. Laussedat, however, finds 
it preferable to measure each base, and 
to take either one or two angles to fix 
the position of each proof. Usually the 
angles between the basis and the angle 
between base and principal point are 
measured. All other objects which are 
to be represented on the plot are located 
from the proofs. 

To determine the height of /'', for ex- 
ample, suppose the focal distance 1'*.5, 
and let a/' = 1^.55; /V=0".05, and 
af= 0".55, and the scale be -g-oVx)- Since 
/'/" is the apparent height of/' at the 
distance af, and afx 8000 its true dis- 
tance from the proportion 

af^ :afxS001::f'f':jr, 
we have 

J- z=z af X 800r/Zl' - .55 x 8000 1 .55 = 

af" 

141 «. 9. 

Hoiice tho height of any object above the 
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extremity of a base is found by multiply- 
ing the tang, of the angle of elevation ( to 
a radious equal to the distance of the sta- 
tion from the foot of the perpendicular 
through the object ) by the true distance 
as found on the plot. To this product the 
height of the instrument must, of course, 
be added. 

The heights are also verified by per- 
forming this operation with reference to 
two stations a and h, whose difference of 
line is known. It is not necessary that 
this difference be measured in the field, 
since any difference in line between two 
sections will be indicated on the proofs by 
a change in the position of the horizon, 
and may be therefrom determined. 

This horizon is indicated on the pic- 
ture by the shadows of th(3 needles al- 
ready mentioned as placed within the 
camera. These needles are adjusted by 
the maker, but are held in small pieces 
moving in grooves, so that their readjust- 
ment is always possil)le. To effect this 
it is only to be remembered that when 
the instrument is in adjustment and re- 
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volved, the axis of the camera and tele- 
scope describe the horizon, so that if, 
during this motion, the intersection of 
the cross-hairs be fixed on any object its 
image on the glass sHde will fix one point 
of the horizon, and by turning the instru- 
ment to the right and left till the object 
is brought to the edges of the slide, two 
points may be there marked, and the 
shadows of the needles should f aU on the 
line which points them. The position of 
the needles giving a vertical through the 
center may be verified on the positive 
proof. Except in case of accident, this 
adjustment, if made by the maker, need 
not be repeated. 

If, as is usual, the objective is fixed in 
the middle of the front of the camera, 
the horizon will divide the proof into two 
equal poi'tions. M. Savary has modified 
this arrangement by making it movable 
in two vertical grooves, one of which is 
graduated to permit the measurement of 
the displacement. In very mountainous 
districts the position of the horizon on 
the proofs may thus be changed. When 
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tlae point of sight is above objects whose 
images do not fall within the limits of 
the proof, the horizon should be lowered, 
and vice versa. The line marked by the 
needles will then indicate a parallel to 
the horizon, which may be drawn parallel 
to this line and at a distance from it given 
by the graduation near the objective, 
whose 2rero, of course, corresponds to 
that position in which the horizon is 
given by the needles. As the image is 
reversed, when the objective is raised the 
horizon must be drawn below, and vice 
versa. Ordinarily the views do not cover 
all the field, and this simple expedient 
permits the increase of the field of view 
in certain cases, without increasing in- 
conveniently the dimensions of the ap- 
paratus. 

The distance of the point of sight from 
the picture, i. e., the focal distance of the 
objective may be found from the triangle 
a" P' {a!' being any object on the hori- 
zon), by the formula 

OP = a" F cota" OP', 
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a" P" being measured on the proof, and 
the angle a" OP' hy the horizontal mo- 
tion. 

The question has probably already oc- 
cun*ed to the reader, to what extent does 
spherical aberration prove a source of 
error in the use of the camera obscuraf 
For objects distant from the center of the 
field of view will not have their images 
formed exactly in the principal focal 
plane. The very able researches* of Col. 
Laussedat on this subject, published in 
1864, show that in the clearest manner 
for all ordinary cases where the apparent 
heights of objects above the horizon on 
the view are small, the vertical compon- 
ent of the angular deviation (which is the 
same in ever}' direction, everything being 
sjTnmetrical about the optic axis) may 
be neglected. So that, except in rare 
cases, the trigonometrical tangent, already 
given, is taken as th(* measure of vertical 
angk^s. The lionzontal component, how- 
ever, can not be negle(*ted. with a simple 
achromatic objective of 0"*.081 diameter, 

• Memorial de I'Offlcer du Genie, No. 17, p. 273. 
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and a focal distance of about .5, and 
a diaphragm of 0™.015 opening, C"^.077 in 
front of the nearest lens surface, the focal 
distance was found to differ slightly with 
the position of the point a" . Thus, for 
a point 0™.005 from the principal point, 
the focal distance was 0™.505, but for a 
point near the border of the field of view, 
0™.1476 from the principal point it was 
0™.500. That is, the focal distance di- 
minished as the point from which it was 
calculated receded from the principal 
point. Evidently, then, if in the con- 
struction of the plan the focal distance 
was used, as found by a point near the 
center, the error would increase as the 
instrument was turned, and in 360° would 
reach, in the above case 4°. If, however, 
we use for focal distance that calculated 
from a point near the border of the field, 
the error does not multiply ; near the 
principal point and borders it is altogether 
insignificant, and midway between is a 
maximum, where in the abov(^ case it 
would not depress 5 minutes. Without 
corrections, therefore, an exactness is 
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obtained by this precaution more than 
sufficient for graphic constructions. 

After what has preceded, the following 
resume will be clearly understood : 



FIELD WORK. 

This includes first the measurement of 
the bases and angles. .The notes are 
kept in five columns, in which are re- 
corded : 1** the positions of their stations ; 
2° the lengths of the bases ; 3° their 
included angles ; 4° an angle measured 
between the base and any point in the 
field of view, serving to fix the position 
of the views on the plan. (These may 
be the principal points). 5° remarks. 

The base may be measured by the 
chain. With the 12i-inch telescope seen 
by the writer, and adopted as a good 
size for a camera whose horizontal di- 
mensions are 16'' X 18", bases not ex- 
cluding 1,000 feet, may be measured to 
within less than ^^th by the stadia. 
The stations are best chosen on the bor- 
ders of the survey on dominant points. 
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but central ones may be necessary, and 
in an extensive survey are selected very 
much as in ordinary triangulation, those 
being the most advantageous which are 
sufficiently elevated to unmask more dis- 
tant objects. Stations near together are 
to be avoided, as the bases are thus short 
as compared with the lines of intersection 
which fix the objects on the plan, and 
therefore intersect under an acute angle. 
Should this be unavoidable, a simple 
method of avoiding inaccuracy will be 
indicated in the description of the office 
work. The photographic operations do 
not need description here. It may, how- 
ever, be said that the French engineers 
prefer the use of paper to glass, which 
is fragile and heavy in extended surveys. 
The positions thus obtained, though less 
distant usually than those obtained with 
glass, are sufficiently so. 

Finally, in certain localities, as among 
buildings or in depressions, slight sketches 
will complete the details and obviate a 
multipUcation of views. 
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OFFICE WORK. 

Inasmuch as the focal distance is the 
scale of the views, it bears a relation to 
the scale of the plan. M. Laussedat 
states that experience has shown a focal 
distance of 0™.5 best adapted for scales 
between -gTjVo^ and yiriiTTr- The distance 
at which one may operate also depends 
upon the scale. Suppose the scale chosen 
is X(Anr> then a focal distance of 0°^.5 
will represent on the plan 1,500 meters, 
and points at a much greater distance 
from the station will not be obtained 
with the desired precision. Were the 
scale -g-oVT7, however, the operations could 
be conducted at 4,000 meters. The bases 
are just plotted with the protractor, and 
at each station is laid off the angles, taken 
from the notes, between the base and 
principal points of the several views. On 
each of these lines is laid off the focal 
distance, and at their extremities a per- 
pendicular drawn, which is the trace of 
the plan of the picture. 

A distant position serves for the deter- 
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mination of the focal distance. With 
this distance for a radius, the trigono- 
metrical tangents of 1°, 2°^ 3° 15° are 

calculated ( a field of 30® giving the best 
results) and these distances are laid off 
each way from the center of a horizontal 
line on a separate piece of paper. Through 
the points of division perpendiculars are 
then erected, and the descents of the 
same angles to the same radius computed, 
they being the length of the visual rays 
between any object and the point of 
sight, reduced to the horizon. Finally 
parallels are drawn to the horizon at equal 
distances apart. This diagram is then 
transferred to all the proofs taken with 
the same objective, taking care to make 
the coincidence between the horizontal 
line and the vertical through the center, 
and the horizontal and vertical line 
through the principal point on the proof 
exact. Every point is thus referred to 
the horizon and vertical Hne, and the 
length of its visual ray reduced to the 
horizon is known. 

To fix any point on the plan, its hori- 
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zontal co-ordinates on two proofs are 
transferred by the dividers to the hori- 
zons on the plan, and their extremities 
joined with the proper points of sight. 
To determine the heights we have abeady 
deduced the formula 

z = sd— in which 
d' 

X = true height sought, h = apparent 
height/' /" (Fig. III.), sd=tnie distance 
of, s being the denomination of the scale, 
and d^ = the apparent distance af'^ or the 
visual ray reduced to the horizon. 

As in this formula d' is the secant ex- 
actly calculated and s is given, any error 
that may arise will be due to d and hj the 
former being measured on the plan, and 
the latter on the proof. Both of the 
errors due to d and h will then be multi- 
plied by the fraction — and therefore are 

proportional to the scale and focal dis- 
tance. Furthermore, any error in h, be- 
ing multipUed by dy will be greater as 
the object is further off. Views should 
then be taken as near as possible to 
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objects where heights are desirable. Fop 
distances less than 500 yards the error 
will not exceed one foot with an objective 
of 1.* 64 focal distance. For extended 
surveys in which the contour lines are 
10', 15', or more feet apart, all desirable 
accuracy is obtained with the above pre- 
caution, while, as already shown, an 
accuracy more than sufficient for graphic 
construction is obtained for the plan. 

The office leveling notes are kept in 
eight columns as follows : In the 

1°. Designation of the points whose 
heights are sought. 

2°. d! — the calculated descent or vis- 
ual ray. 

3°. sd — the true distance taken from 
the plan. 

4°. -|- h — the apparent height, taken 
from the proof. 

5°. -H X — the real height calculated 
from the formula. 

6°. The height above the plane of 
reference of the stations to which objects 
are referred. 
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7''. Absolute height above plane of 
reference. 

8°. Remarks. 

In operating upon bases small as com- 
pared with the visual rays, construct, on 
tracing paper, for each station a few 
horizontal angles for objects as distinct 
and far apart as possible, and fix these 
constructions on the plan as usual. Should 
the intersections not prove perfect, and 
if the angles have been carefully con- 
structed, by very shghtly moving the 
paper in succession, their position after 
a few trials may be completely rectified. 
The principal Unes may then be marked 
lightly on the plot in pencil. 

The leading operations and principles 
of the method have now been described. 
Both M. M. Ducrot and Laussedat have 
compared at difiEerent times the results 
of this method with those obtained by an 
ordinary survey on the same ground, and 
found them remarkably exact, even on 
very difficult ground. The advantages 
of this application of photography are 
e\'ident. No sketch can compare in com- 
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pleteness or exactness with photographic 
views, and by no other means yet known 
can the time and labor of a topographical 
survey be thus abridged. In proportion 
as the survey is small and the greatest 
possible accuracy requisite, this method 
loses its superiority. But for larger sur- 
veys, its advantages are unquestionable, 
and in all cases may be made a valuable 
source of contribution to those details 
which would otherwise demand a long 
and tedious direct observation, and the 
photographs constitute a series of notes 
good for all future reference. As briefly 
exposed in this paper, it is regarded as 
the last used on this subject by French 
engineers, and in view of the probable in- 
crease in topographical surveying in this 
country deserves the attention of our 
own. 
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THE 

fieoietry of Position Applieil to Snryeying. 



mTRODUCTORY. 

I. I PURPOSE to set forth, as briefly as 
possible, a few results obtained from the 
appUcation of the " Gemnetry of Position '' 
to the solution of such problems in sur- 
veying as are of every-day occurrence, 
believing that the results thus obtained 
will not prove altogether uninteresting or 
unprohtable. As the Geometry of Position, 
however, is a branch of mathematics, 
scarcely known even by name in this 
country, some statement of its pecuhar 
character and chief merit seems quite in 
place by way of preface. 

That such a statement can be justified 
on such grounds, is, to say the least, a 
matter both of regret and surprise. Of 
regret, that so simple, so beautiful, so 
eminently useful a branch of mathematics 
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has been suffered to remain so long un- 
heeded. Of surprise, that in spite of the 
relation in which Geometry stands to all 
other branches of mathematics, a most 
important advance in Geometry is quit^ 
unknown ; that in spite of the efforts so 
persistently made to simpHfy and reduce 
all mathematical processes, a most effect- 
ive agent for this purpose is yet unused. 
Nothing perhaps is more characteristic 
of the present state of the mathematical ' 
sciences than the simpUcity of their solu- 
tions. It seems, indeed, as if that invent- 
ive spirit which in the industrial arts 
has led to the production of numberless 
labor-saving machines, lias invaded even 
mathematics and led to the production of 
all manner of labor-saving i)r()cesses of 
solving long and difficult problems, till 
now it is possible to solve graphically, 
with the ruler and pencil, any problem 
from a proposition in the rule of three, 
to the determination of strains in the 
parts of the most comphcated engineering 
structure. In the industrial arts such 
labor-saving machines are said to be the 
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direct result of a lack of skilled manual 
laborers : perhaps in mathematics such 
labor-saving processes may, to some ex- 
tent, be the direct result of a lack of 
skilled intellectual labors. However this 
may be, the Geometry of Position, though 
cjipable of accomplishing much in the 
above mentioned respect, has as yet been 
turned to no use. 

As a branch of Geometry it is peculiar 
in all respects. If the story that has come 
come down to us from the time of Thales 
is deserving of any credit, the science of 
Geometry arose from the efforts of the 
Egyptian priests to restore the land-marks 
and boundaries washed away by the yearly 
inundations of the Nile, and to determine 
the areas covered by the fertilizing waters ^ 
a statement which the Greek name Geom- 
etry — '' Land-Measuring^'' tends not a little 
to confirm. But whatever may have been 
its origin this much is certain, that Geom- 
etry as a science first appeared in the 
valley of the Nile, and that among the 
Eg^'ptians it held very much the same 
place surveying holds with the nations of 
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to-day. At the very beginning, therefore, 
Oeometry became associated with the 
idea of measure, and so firmly has this 
been clung to, that ever since, in what- 
ever form the science has appeared, 
whether as Trigonometry or Analytical 
Geometry, magnitude or quantity has 
formed the basis. It is now universally 
conceded that measure is not an essential 
element of Geometry ; and that while 
there is a Geometry of Magnitude or Quantity 
there is also a Geometry of Figure. Almost 
within our own day the science has been 
divided into the *^ Old Geometry " or " Geom- 
etry of Measure " and " Modern Geometry ^ 
or " Geometry of Figure " imder which is 
to be placed the " Geometry of Position^ 

II. THE GEOMETRY OF POSITION 

differs essentially from the Old Geometry 
or Geometry of Measure in three partic- 
ulars ; in the simplicity and paucity of its 
elements ; in the total absence of the idea 
of measure and all metrical relations ; and 
in the great generality and comprehensive- 
ness of its principles and problems. 



115 

The fundamental elements of the an- 
cient geometry are, the point, the line^ 
the plane, the angle, the circle, solid 
bodies, surfaces of revolution and the 
long array of triangles, rectangles and 
polygons. The fundamental elements of 
the Greometry of Position are the point 
and line. The most marked peculiarity, 
however, is the total absence of all metri- 
cal relations. In the old geometry the 
metrical relations of the parts of the 
figure are never for a moment lost sight 
of. It is the length of some line or the 
bisection of some angles, the equality or 
similarity of some figures, the value of 
the square of some side that is to be 
demonstrated. It is a proposition on the 
intersection of medial lines, on the meas- 
ure of inscribed angles ; on the ratio of 
homologous sides ; on areas, on volumes, 
on circumferences, on perimeters. The 
Geometry of Position, on the other hand, 
takes no account of measure, either an- 
gular or Uneal. In none of its problems 
is there to be found any mention of 
perpendicular or oblique lines, of angles, 
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of areas, or of volumes. It has nothing 
to do with triangles, whether right or 
oblique, isosceles or scalene; nothing to 
do with rectangles or parallelograms, or 
with regular or irregular polygons. No 
Kne is ever bisected: no angle is ever 
read. The student therefore, who, familiar 
with the principles and problems of the 
Old Geometry, enters on the study of 
the Geometry of Position, finds himself, 
so to say, at the beginning of a new 
science. Theorems and axioms, corol- 
laries and scholiums, which he has long 
looked on as the very frame work of 
geometry, are utterly abandoned, and, 
without considering the length of a single 
line or the measure of a single angle, he 
enters on the solution of problems of the 
utmost generality and comprehensiveness. 
In the Old Geometry of measure the 
majority of propositions are necessarily 
limited in the scope of their application ; 
the conditions on which their demonstra- 
tion depends are particular, rather than 
general. Change the length or inclina- 
tion of a line, alter the measure of a 
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single angle, and the proposition falls to 
the ground. Propositions that are true 
of right-angle triangles are not true of 
obUque-angled triangles. Propositions 
true of equilateral are not true of scalene 
triangles. In the Gemyietry of Position 
whatever is true of one figure of three 
sides is equally true of every figure of 
three sides, no matter how long or short 
the sides may be, or how various their 
inchnation to each other. In the Geom- 
etry of Measure, again, what is true of 
the circle is not necessarily true of the 
ellipse, the hyperbola, and the parabola, 
but such is the comprehensiveness of 
the Geometry of Position that every prop- 
osition true for the circle is true for 
the eUipse, the parabola, the hyperbola, 
in* short, for every curve of the second 
order. The length of the radius, the 
position of the foci, the length of axis is 
never for a moment considered. It is 
the position of lines, not measure, that 
determines all things. This is one of 
the propositions of the geometry of po- 
sition that if any six points be taken 
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anytvhere in the circumference of a circle 
and joined by consecutive straight Knes 
in any order whatever, then will the three 
points of intersection of the three pairs 
of opposite lines lie in one and the same 
right Hne ; an illustration of this is given 
in Fig. 1. The points are there taken 
in the order ABCDEF, and are joined by 
the six consecutive lines, AB, BC, CD, 
DE, EF, FA J the three pairs of opposite 
lines intersecting in three points, as shown 
by the dotted line. By opposite sides 
is meant every first and fourth Hne taken 
consecutively. Thus, beginning with the 
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line AB, the fourfh line in consecutive 
order is DE, therefore AB and DE are 
opposite lines; so are BC and EF; so 
are FA and DC. Now, this proposition 
is true, not only for any six pomts taken 
anywhere on the circumference of a circle, 
and joined in any order whatever by conse- 
cutive lines, but for any six points on an 
eUipse, a parabola, an hyperbola, or, in fine, 
for any six points on any curve of the 
second order. The proposition is there- 
fore general and comprehensive to the 
last degree. Yet it takes no account 
"whatever of measure or metrical relations. 
Two other propositions may perhaps 
afford a yet clearer idea of the character 
of the propositions of the Geometry of 
Position. It is, however, but just to 
state that they have not been especially 
selected for this purpose, but are here 
introduced mainly because they are to be 
apphed later to the solution of problems 
in surveying. The first of these is to 
this effect: If A, B, C be any three 
points in any three concurrent lines, and 
A', Wj C any three other points in the 
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same lines, and d, df ^ d" the three inter- 
sections of the three pairs of connectors 
BC and B'C, CA and C'A', AB and 
A'B', then are the points d, d'^ d" in 
the same right line. The proposition is 
extremely general, the points may be 
taken anywhere in any three concurrent 
lines, and however great or small the 
angles which the lines make with each 
other, the proposition is invariably true. 
It is apparent from the figure that the 
statement of the proposition may be 
varied as follows ; If any two right lined 
figures of three sides each, as ABC and 
MB'G' (Fig. 2), be so placed that the 
connectors of each pair of corresponding 
points A and A', B and B', and G' meet 
in a point P, then the three points d^ d'^ 
d" of intersection of the three pairs of 
corresponding sides BC and B'C, AC 
and A'Q'j BA and B'A' are three points 
in a right Hne. No account is taken of 
the distance these figures are apart j nO 
account is taken of the length of the 
sides nor of the angles they make with 
each other. Yet the proposition is in- 
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variably true for all sizes and shapes 
of figures having three right-line sides, 
when so placed that the lines joining each 
pair of corresponding points pass through 
a common point. 

The second proposition is this : If A, 

B, C and D, Fig. 3, be any four points of 
int^^rsection of any two pairs of concurrent 
lines and the points of concuiTents a and 
c of these Hnes be joined by the line ac, 
then will the connectors AC and BD of 
the two pairs of opposite points A and 

C, B and D, meet the lint^ ac in two 
points b and d^ such that if either one 
with the two points a and c remain fixed, 
the other will also remain fixed for all 
possible positions of the points A, B, C 
and D. Or, to state it differently, if 
ABCD be any right-lined figure of four 
sid(»s, and the two pairs of opposite sides 
AB and CD, BC and AD be produced 
till they meet, then will the two diago- 
nals AC and BD, when produced, cut 
the line ac in two points b and d, such 
that if either one with the two a and c 
rrmain fixed, the other will also remain 
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fixed for all possible positions of the 
figure ABCD. This is illustrated by the 
figures on the right and left of ABCD. 
Here, again, no account is taken of meas- 
ure. The length of the sides, the distance 
of the figure from the line ah, the measure 
of the angles has nothing to do with 
the proposition. So long as the position of 
the sides is such, that each pair of oppo- 
site sides intersect when produced, the 
proposition is mvarkihJy trwt. 

III. ANHARMONIC RATIO. 

This singular result should seem to 
indicate the existence of some fixed re- 
lation between the four points a^ h^ c, d^ 
a relation which, on examination, is found 
to be of the very highest value in the 
application of the Geometiy of Position 
to practical uses. The four points a, h, 
c and d will, it is evident, always lie in a 
right line, and possess relations and 
properties that may be briefly summed 
up as follows : The four points are four 
anharmonic points, constitute^ an anliar- 
monic range, cut the line anharmonically, 
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have an anharmonic ratio, and, taken in 
pairs are the anharmonic conjugates of 
each other, that is to say, a and c are 
anharmonic conjugates, as are also h and 
d. 

By anharmonic ratio is meant simply 
this : If any line, as r/c, Fig. 3, be cut 
at any two points b and d, the line is 
cut into six non-adjacent segments, or 
segments having no end in common. 
These are ac and hd^ ah and cd^ and ad 
and be. Now, if any two pairs of non- 
adjacent segments be taken, the ratio of 
ratios of these two pairs is the an/iarmoiric 
ratio of the section of the line. Thus, 
if the sections taken be ac and bd, be 
and adj then the ratio of ratios is, 

ea 
7b 
da (1) 



db 



Or again, to express it more simply, if 
a^ bj e and d be any four points on a right 
line, and these points be taken in any 
order whatever, the ratio of the first and 
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second to the third divided by the ratio 
of the first and second to the fourth is the 
anharmonic ratio of the four points. So 
that the four points being taken in the 
order a, b, c, d, the anharmonic ratio is, by 
the above definition, 

ac 

^ . . . . . (2) 
ad 

bd 

an equation precisely similar to equation 
(1). This ratio, for the sake of brevity^ 
is written [ahcd], the order of the letters 
indicating the order in which the points 
are taken. 

As these points may be taken in an^ 
order, and as the four letters represent- 
ing them may be written in twenty-four 
different combinations, it should seem 
that there should be twenty-four different 
anharmonic ratios for each range of four 
points. When, however, the anharmonic 
ratio for each of these twenty-four com- 
binations is written out, it appears that 
there are but six anharmonic ratios differ- 
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ing in value, and that each one of these 
six may be written in four diffen^nt ways 
without altering its value. Thus taking the 
points in the order abcdj wc have, 

r 1 ji f'(i da ra.db 
[ahcd\=^ : = 

cb db cb.da 

r, , 1 bd be bd.ac 
[bade] = — : — = 

ad ac ad.be 

T J ^.^ ca eb ea.db 
[cdab]= : = - 

da db da.cb 

r , , 1 db da db.ca 
\debu\ = - : - - = 

eb ea db.da 

The anharmonie ratio - : iiuiv there- 
of db 

fore be written in either of the four ways 
[aftceZ], [bade\ [cdab\ or [dcba]. So 
may each of the five other ratios he writ- 
ten in four ways, without a cliange of 
value ; the six difFerent ratios and the 
four different ways of writing each, ac- 
counting for the twenty-four combinations 
of the points a, 6, e, d. 

When the value of the anhannonic ratio 
is unity, the points are said to ho harmonic 
points, and the ratio an liarmcmic ratio. 
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In connection with this matter of an- 
harmonic and harmonic ratio it is to be 
remarked^ that the truth of this statement 
that the Geometry of Position takes no 
account of metrical relations, is not at 
all impugned by the fact that these ratios 
are based on the measure of the segments. 
They are, so to say, after-thoughts. The 
propositions of the Geometry of Position 
are wholly independent of anharmonic 
and harmonic ratios, which are, indeed, 
results derived from the Geometry of 
Position. In many instances, however, 
where a practical application of this 
Geometry is made, the necessity of ob- 
taining the measure of lines arises, and 
then is it that these ratios are found 
invaluable. Such is the case when ap- 
pHed to the solution of problems in sur- 
veying, and on this account it has been 
judged best to briefly introduce the matter 
of anharmonic ratio before taking up the 
matter of surveying by the Geometry of 
Position. 
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IV. SURVEYING BY THE GEOMETRY OP 

POSITION. 

We shall begin witli tlu^ proposition 
illustrated in Fig. 3. Tht^ problems in 
Engineering Field-work, to the solution 
of which this proposition is applicable, 
fall under one of three classes. 

1®. To prolong a line through or across 
some obstruction, as a houses, a 
marsh or pond. 

2°. To obtain the measures of an inac^ 
cessible or immeasurable distances 

3°. To locate and find th(^ distance to 
a remote point. 

1°. TO PROLONG A LIXi: THROUiiH AN 
INVISIBLE 1»()INT OX THE LINE. 

The problems in this class arc un- 
doubtedly th(^ most freciuently m(^t with 
of all, and the methods of solving them 
now in use, by perpendiculars, by equi- 
lateral triangles, by similar triangh^s, and 
by triangulation are so familiar that it 
is uimecessary to do more than recall 
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the fact that they all depend on angular 
and chain measurement, and that the 
character of the ground surrounding the 
obstacle to be passed will in general 
determine which of the three is to be 
used. 

The Geometry of Position, on the other 
hand, affords two methods of passing 
round an obstruction, each of which is 
based on the proposition regarding the 
right line figure of four sides; is wholly 
independent of angular and chain meas- 
urement, and is applicable in all cases, 
whatever may be the nature of the ob- 
struction or the physical character of 
the ground. Suppose, for illustration, 
that in locating a tangent on a railroad, 
represented by the line AX in Fig. 4, 
some obstruction as a house is met with 
at O. Now, by simply reversing the third 
proposition, which is illustrated in Fig. 3, 
it becomes applicable to the present case. 
For it is evident that if from any two 
points a and />, on a right hne, two pairs 
of lines be drawn in such wise as to form 
by their intersection a figure ABCD, the 




bio 



132 



two diagonals AC and DB will cut the 
line ah in two points c and d. To apply 
this to the solution of the problem in 
hand it is merely necessary so to arrange 
that the three points rt, r, and h shall be 
on the line to be staked out and all three 
on the same side of the obstruction, while 
the point d is on the other side of the 
obstacle. The first condition is easily 
satisfied, since the points a, 2>, c may be 
taken anywhere on the line staked out 
before reaching the obstruction. All turns, 
therefore, on the determination of the 
point d at which the diagonal D B cuts ah 
produced, and this point may be found by 
either of two methods. 



FIRST METHOD. 

It ^\411 be remembered, in connection 
with the proposition, that if any thive of 
the })oints remain fixed, the fourth point 
will also remain fixed for aU positions of 
the figure ABCD as illustrated in Fig. 3. 
That is to say, if r?, />, c are fixed points 
the diagonal D B vn\\ always, for all posi- 
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tions of A BCD, pass through the same 
fixed point d. In order to find d on the 
ground, it is necessary merely to lay out 
two figures, ABCD and A'B'C'D', and 
find the intersection of the two diagonals 
CD and CD'. This will he a point in 
ah produced. The simplest method of 
doing this is illustrated in Fig. 4, and is 
performed as follows. Select (iny three 
points, as A, B and C in the line previously 
located; set the instrument at B, and 
facing the obstacle turn the telescope 
off to the right of the line, and locate 
two points a and h in the Hue of sight 
such that from each of them a sight can 
be had past the obstruction. Now turn 
the telescope to the left of the line, and 
in the same way locate a' and h' in the 
line of sight. Move to A and sight to 
h and locate a part of Ah near where it 
seems to cross a line joining aC. Then 
sight to a and locate a part of A a near 
where it seems to cross a line joining 
hG. Next sight to h' and a', repeating 
the operation just described. This has 
all been done without moving from A. 
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Now set the instrument at C, sight to a, 
and locate cj also sight to h and locate 
d J then to a' and locate & and to h' and 
locate d'. Finally, run out cd, locating 
a small portion of it about where it seems 
likely to cross ab produced, and the point 
in which c' d', when run out, intersects cd, 
in the point D in the line ab. 

In passing round an obstruction by 
this method it is evident that no angles 
are read and no measurement of lines 
made. Nor is it necessary, for the angles 
which the lines from A, B and C, in the 
drawing, make with the line AB, has 
nothing whatever to do with the proposi- 
tion, and hence the angles through which 
the instrument is turned from the line of 
sight is a matter not to be considered in 
the application of the proposition. Neither 
is the matter of the distance of the points 
a and fe, a' and 6', to be regarded, since 
the length of the lines in the figure has 
nothing to do with the solution. We 
are, therefore, in all respects at Hberty 
to choose our ground and to turn the 
telescope to the right and left of the 
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line to be prolonged, without regard to 
the angle turned through. Two things, 
however, are to be avoided: If the points 
A and C are so chosen that A B = B C, 
then the lines c d and c' tV will be parallel to 
to each other and to the line to be pro- 
longed — in other words will not intersect 
AB. But inasmuch as these points A, B, 
and C are taken at pleasure and without 
measurement, it is quite improbable, in 
deed almost impossihle, that A B will ever 
be made equal to BC, and hence no trouble 
need be borrowed on this account. Yet 
this serves to illustrate a feature of this 
system which will very often be found 
of use. When AB is exactly equal to 
BC the lines cd and d d' meet nowhere; 
consequently, when AB is a little greater 
than BC the lines cd and c' d' will meet 
but at a great distance. For instance, 
as proven in equation A', if AC be one 
hundred feet long, and AB = 50.003 feet, 
BC will equal 49.997 feet, and CD will 
be over one hundred and fifty-seven miles 
long. Had CB been 49 feet, then CD 
would have been 2450 feet. To apply 
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this : if at any time it is necessary to 
prolong the line throngli a series of obstacles, 
as illustrated in the figure 4, the points 
A and C have only to be taken so tliat 
BA, judging by the eye, is a few feet 
greater than BC, and the lines cd and c' d' 
will meet beyond the obstacles. Finally, 
that the lines cd and c' d' shall invariably 
meet beyond the obstruction, the lines of 
sight from B to & and b' must point 
towards the obstacle. The consequence 
of pointing these backwards is shown in 
Fig. 5. The diagonals cd and cJ d' will, 
even in this case, meet AB, but at a point 
behind A, as at D'. 



THE SECOND METHOD. 

The second method of determining the 
point D is much shorter than that just 
given, and not less accurate. Take any 
point as a (Fig. 6), not in the line to be 
prolonged, from which it is possible to see 
past the obstruction on each side. Set 
the instrument at this point, and turning 
the telescope in the direction of D (so as 
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to clear the house or whateve:* the ob- 
stacle may be), locate any point in the 
line of sight, as Cj and also locate on the 
ground a small portion of the line near 
where, in all probabihty, it will cut AC 
produced. Then ( from the same j)oint a ) 
sight to o/uy point in the line A(/, to b(^ 
produced, and near the obstruction at C, 
staking out a small part of ai.) as ad. 
Next sight (from a) to any othr point in 
the line AC further from the obstacle 
than C, locating a portion of this linci a A 
as a 6. The location of the lines ad and 
ah may be speedily effected in this wise. 
The points C and A are taken anywhere in 
AC, as is also the point c in aD. To 
locate adj therefore drive a few stakes 
about where the line of sight ac seems 
likely to cross rA. To locate ah find a 
few points in the line a A which seem 
to be in range with c and C. 

After determining these lines on the 
ground, turn the telescope so that the hne 
of sight cuts Gh aw^«6'A<?re between c and 6, 
and locate the line ag. Now move the 
instrument to c, sight to C, and find g 
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and h exactly j then sight to A, and find 
d exactly. Move to d, sight to h, and find 
0. Return to c, sight to o, and find e. 
Finally move to e, sight to g^ and find 
the intersection of the line eg with the 
Hne ca. This will be the point D, a 
point in the line AC produced through 
the obstruction. 

I£ these two methods of prolonging a 
Hne through an obstruction, as illustrated 
in Figures 4 and 6, appear quite compli- 
cated, it should be remembered that the 
lines of the figure have no existence on 
the ground, while a few applications to 
practice will show the utility of the sys- 
tem, and the ease and rapidity with 
which the work may be done. They are 
superior to the old method, in that they 
are wholly independent of both angular 
and chain measurements, and thus leaving 
the transit man free to choose his ground 
'dYi} a})plicable in any case and on all kinds 
of gi'ound. As to their accuracy, some 
idea may b(^ formed by performing on 
X)aper with a ruler and pencil the opera- 
tions described in the text. RepeatecJ 
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trials have demonstrated their accuracy 
in the field. 

These and indeed any other methods 
of passing around obstructions, would 
not be of much practi<'.al value did they 
fail to afford a way of determining the 
break in the line prolongf^d ; in other 
words CD, (Fig.()) a problem the Geom- 
etry of Position solves in a singularly 
beautiful way. Under tlio head of an- 
harmonic ratio it has beed stated that 
the four points a, by c and d of Figure 3 
are four anharmonic points, and taken in 
any order whatever afford an anharmonic 
ratio. Taking them therc^fore in the 
order A, 0, B, D, ( Fig. 4 ) the anharmonic 
ratio is 

AB:CB::AD:OD* 

solving this w(^ have 

AB_ AD_ AC + CD 
BC CD AD— AC 

/. AB X AD— AB X AC = BC X AC 

+ BCxCD. 

• This is evidently the harmonic ratio of the points when 
taken in the order ABCD. 
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But AD = AC + CD 

.-. AB X AC+ AB X CD— AB x AC 

= BCxAC + BCxCD. 
reduciug CD(AB— BC) = BC X AC 

pp_ BCxAC ,j^. 

^^-AB-BC • • • ^^> 
To obtain the valve of CD, it is necessary 
to know the values o£ AB and BC. 

By assuming different values for these 
segments and substituting in equation 
A, two singular results follow. Suppose 
AB = 40 and BC = 20 feet; then 

CD=20:^^'^60' 

40' -20' 

That is, if the distance BC be equal to 
one half the distance AB, then CD is 
equal to AC, a fact worth remembering 
when the first method of prolonging the 
line is used, as in that case the points A, 
B and C are taken at })leasure, and can 
therefore be so taken that BC = iAB. 
Again, if B is taken midway between A 
and C, so that AB and BC have each the 
same value, say 30 feet, then 

CD:=30'x60-^^ 
30'— 30' 
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or the point D is at an infinite distance 
from C and the Hnes cd and c'd' (Fig. 4^ 
are parallel to each other, and to the line 
AC; a demonstration of the statement 
made regarding the first method of pro- 
longing a line, namely, that in selecting 
the points A, B and C on the line AC 
they must be so taken that B sMll not he 
midway between A and C. 

Finally, if A B be less than the segment 
BC, as, for example, AB = 10', and BC = 
15', then 

CD=^^^^^- =— 75' 
— 5 

or the point D will fall 75' to the left of 
C, or on the same side of the obstruction as 
the points A, B and C, as illustrated in 
Fig. 5. In practice, the second and third 
results are never likely to occur. For, 
if the line be prolonged by the second 
method, neither can occur, since ac is so 
taken as to pass the obstruction, the point 
B, the conjugate of D, cannot possibly fall 
so that A B shall be equal to or less than 
BC. When the first method is used, the 
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point A, B and B are taken at pleasTire^ 
and may, therefore, be so taken as to avoid 
all trouble. 

The accuracy of Eq. A may be tested 
grapliically by assuming different values 
for AB and BC, laying them ofE to a scale 
on a right line, drfiwing from A any two 
Unes, as A 6 and Ac, of indefinite length 
from B any one line, cutting those fronx 
A in any two points, as d and b j from C, 
two lines through d and b, cutting the 
two from A at a and c respectively, and 
drawing ac till it meets AC produced in 
I). Then, measuring CD by the scale 
used to lay off AB and BC, the value 
obtained for CD should agree with that 
found by substituting the values assumed 
for AB and BC in Equation A. 

The proposition of the Geometry of 
I-^osition relative to the four points at 
tho intersection of two pairs of concur- 
rent lint^s, (Fig. 3) is readily applicable 
to th(i solution of a second class of 
problems of very common occurrence in 
surveying — th«^ measiu*ement of inaces- 
sible distances. 
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The cases which, in practice, fall under 
this head are almost innumerable j as the 
measurement of the width of a river, the 
distance across a marsh, the distance of 
a lighthouse or a beacon from the shore, 
&c. Yet the solution of any one of them 
by the Geometiy of Position is ample 
enough to cover them all. To take the 
first example above cited, let it be required 
to find the distance of a point C (Fig. 7) 
on one bank of a river, from a point D, on 
the opposite bank. 

To accomplish this, set the instrument 
at the point C, sight to D, reverse the 
telescope, and take any point in the line 
of sight as A. The Hne CA will then 
evidently be a continuation of the line 
CD, the distance to be measured. Now, 
take any point off the line CA as a, such 
that both C and D are visible from it, set 
the instmment at this point, sight to D, 
and take any point in the line of sight r/D 
as c. Then sight to A, previously chosen 
anywhere on CA, and "stake out" that 
part of the line a A, which seems to cross 
a line joining cC. Sight next to C (the 
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instrument being still at a) and ^^ stake 
out" that portion of the line aC which 
seems to cross a line joining c and A. 
Move now to c, sight to C, and locate b } 
then sight to A and locate d. Set the 
instrument at d, sight to 6, and find B 
where the line of sight cuts the line CA. 
Finally, measuring the distances CA and 
BA and substituting in equation A. 

PT._BCxAC 

^^^-AB-BC' 
the distance across the river is found. 
Thus if B C = 48.99 feet, then B A = 51.01 
feet, and 

CD ^ 48^99^^X1^' ^ 2,425.24 feet. 

It is not, however, to be supposed that 
this proposition of the Geometry of Posi- 
tion does not equally apply to cases in 
which it is desirable to find the distance 
and direction of two or more objects from 
some fixed point. To take an example, 
suppose at A and C, in Figure 8^ are two 
objects whose distances and directions 
from some fixed point h it is desirable to 
know. 
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Referring to Fig.. 7, it is evident that 
if rt, A, dj be considered as the four 
points of intersection of two pairs of di- 
verging rays from c and 6, and he the 
line joining the points of divergence {b 
and c) of the two pairs of rays, then will 
the diagonals ad and oA (Fig. 8) of the 
figure aAodj intersect the line be in the 
two points c and e respectively. The four 
points b, Cj Cj C, will then fonn an anhar- 
monic range, and from the principles of 
anharmonic section, already explained, it 

results that 

^P_cexeb 

vb — ce 

Again, regarding the points b and a as 
the points of divergence of the pairs of 
rays intersecting each other in the four 
points Qcod, and the line bd as the con- 
nector of the points of divergence b and 
a, the two diagonals cd and Co, of the 
figure Ccod will intersect the connector 
ah in the two points A and ^ (Fig. 8) re- 
spectively. Those two points will form 
with a and h an anharmonic range from 
which may be obtained 
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hg—ga 
But hG = hc-{-cC and fe A = ha-\- a A, from 
which the distance required may be readily 
obtained. 

To apply this to the case just taken. 
The point h having been selected, the 
solution of the question depends on find- 
ing the distances hC and Z/A and the 
bearings of these lines. To obtain these, 
set the instrument at ant/ point between 
h and the objects, as o, and sighting in 
ani/ direction such that the line of sight 
does not cut the Hne C A, anywhere between 
C and A, locate a few points on the line 
of sight about where it seems to cut a 
line joining h and C. Reverse the tele- 
scope, and in a similar way locate a few 
points about where the line of sight seems 
to cut a line joining b and A. Sight next 
to C and locate g as nearly as possible j 
and then sight to A and locate e approxi- 
mately by setting a few stakes where the 
line of sight Ao seems to cut 6C. This 
done, move the instrument to h, sight to 
C, and locate e and c with great exactness 
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Sight next to A, and looatf^ // ainl a. Now, 
having measured he and cr^ as also hij and 
ga, and substituting theso valiu-s in tin- 
two equations above given, tin* valiK's of 
cC and aA are f()un<l ; whi(;li, add<'d to 
he and ha, give \\w. r^-quinMl dlstan<'(s 
hG and 6A. The magnc^tic bearings an-, 
of course, taken when tlie inslnuncni is 
at h. 

Without stopping to iiannt ovit tli<5 
many instances in which it will ix* ad- 
vantageous to apply th<* two iiM-thods of 
measuring distances illustratrd in Figs. 
7 and 8, I shall pass to tin* ronsid«*i'ation 
of a more impoi*tant niatt<T — Ili<* <l<*gn'<i 
of accuracy of the two methods. 

Beginning with the first nicnlioncd 
method (that illustratcMl in Fig. 7j, it 
is needless to observf? that the point A 
on the hne cD may be taken at any 
distance from C. To simplify th(i meas- 
urements, therefore, the distance A(^ may 
be taken at one hundred feet, and laid off 
at once by means of a tap(\ But the. 
distances AB and BC must be measured 
Avith great care, and to smallest fraction of 



152 

a foot. Fop it is evident from equation A, 
that as the value of B C approaches that of 
AB, the value of CD in the expression 

Bex A^ 



cJ) = 



BA— B( 



approach infinity, because when AB = Be 
the values of cD is infinity. It follows, 
therefore, that when the distance to be 
measured is quite a long one, the difEer- 
ence between AB and BC will be very 
small, indeed but a decimal of a foot. To 
illustrate with an extreme case, suppose 
the distance to be measured is 499,950 
feet, or something over 94.7 miles, then 

cD = ^^'^^f ^l^L = 499950 feet. 
50,005—49.995 

A difference, then, of .01 of a foot 
between A B and B C- Avill correspond to 
a distance CD = 94.74 miles. To take a 
more likely case, suppose AB = 50.1', and 
B(^ = 49.9' feet, the distance AC being 
oiw hundred feet, then 

^' r> = - ?;?! ^ i!f o = 24950 feet. 
oO.l' X 49.9 
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a distance equal to 4.725 miles. In pro- 
portion as the distances to be measured 
are shorter, the differences between AB 
and BC are larger. Thus, a distance of 
2425.24 feet coiTesponds to a difference 
between AB and BC of 2.02 feet, while a 
distance of 1199.37 feet will correspond 
to a difference between AB and BC of 
4.002 feet. A distance of 1 foot on CD 
will therefore have an exceedingly small 
difference. If the distance CD be very 
great, as five thousand or six thousand 
feet, the difference between AB and BC 
corresponding to a foot on C D wall be at 
least some ten thousandths of a footj if 
the distance CD be, on the other hand, 
from one to two thousand feet, the differ- 
ence between A B and B C corresponding 
to a foot on CD will be about one thou- 
sandth of a foot. To obtain accurate 
results it thus becomes quite necessary to 
be able to measure the distance BC to 
the ten thousandth of a foot for very 
large distances, and to the thousandth of 
a foot for all small or ordinary distances. 
Thus, a distance of 1199.37 feet corre- 
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spends to a difference between AB and 
BC of 4.002 feet, but an increase in the 
difference to 4.004 of a foot will corre- 
spond to a value for CD of 1198.76 feet. 
Here, therefore, a distance of .61 of a foot 
is measured by a difference of .002 of a 
foot. 

This fineness and accuracy of meas- 
urement constitutes, perhaps, the main 
objection to the methods discussed above. 
Yet it is one not impossible to overcome. 
The distance AC is, for instance, one 
hundred feet, measured off with all pos- 
sible accuracy, the temperature and hori- 
zontal position of the tape being, of course 
full considered. Now the pomt B cao 
never fall anywhere on AC, except be- 
tween the middle point of AC and C, 
For if it falls exactly midway between A 
and C, the point D is at an infinite 
distance from C, or C D is infinitely great. 
Neither can B fall between A and the 
middle point of AC!*, as in that case the 
point D would fall on thi' opposite side 
of A, or, in other words, the point A 
would be between D and B. This never 
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eon happen in either of the two nn-thods 
given above, because A and C are <'hos«-n 
at pleasure, and the point D being sufhU'd 
to first, its anharmonic conjugate B must 
invariably fall between A and C. As a 
consequence of this fact, it follows ttiat 
the measurements to the liuiidnMlths and 
thousandths of a foot n^ed not bf^n 
• until the fiftieth foot luis Ix'on ]>ussed. 
Nor, on the other hand, is it n^'e^ssary 
that the measurement shall oxt«*nd for 
any great distance. If A H bt5 er^uHl to 
50.003, and BC 40.997 feet, th«- value of 
CD will be over one hundred and fifty- 
seven miles; if, on the other hand, AB 
be 55 feet, and BC 45, th(^ diffen^nce will 
be ten feet, and CD will b(? 450 fc*<*t. It 
will never be necessaiy, th(;refore, to go 
so near the fifty-foot point as .01 of a foot, 
nor so far away as t(»n feet. The tine 
measurements, in other words, \vill bo 
confined to ten feet, and may be obtaine<l 
in a nmnber of ways that readily suggest 
themselves. The simplest is by means of 
a well-constructed levelling rod, with a 
sliding target. If this be used the centet 
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point of the distance y^C should first be 
carefully found, and one end of the rod 
placed exactly over the point by means of 
a plum bob, and the rod put horizontally 
in line with the instrument. It is best to 
have some simple support for the rod to 
keep it off the ground, and to enable it 
to be placed truly horizontal by the aid of 
a bubble. This done, and the sight hd 
(Fig. 7) taken to determine the point B, 
the target may be moved along till it 
crosses the Hne of sight, and the distance 
AB obtained to the thousandth of a foot. 
If the distance to be measured is very 
large the vernier must read to ten thous- 
andths of a foot, or the results obtained 
wiU be utterly worthless. 

The extreme accuracy and fineness of 
the measurement, thus necessary when 
long distances are to be measured render 
it doubtful, to say the least, whether the 
methods in question are supenor or more 
practicable than those now in use. The 
accuracy, however, to be exercised in 
the measurement of the one hundred feet 
required between C and A (Fig. 7) is na 
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greater than should be exercised in the 
measurement of ordinary hnes in city- 
surveying, while distances commonly met 
with in surveying, as the width of a river 
or stream, the distance over a marsh, etc., 
can be obtained without measuring finer 
than the one thousandth of a foot, which 
may be done with a common levelling rod. 
For example, if the distance AB = 51.16 
feet, and AC = 100', then the distance BC 
= 48.24 feet, and Eq. A, 

CD = ^8,24^2<i00:^1370.45. 
3.52' 

But if AB = 51.761 feet, then B C = 48,239 

feet and 

CD^4a239;x 100' ^13,9,,, 

3.i)2^' 

a difEerence of about eight-tenths of a 

foot. The question, then, as to whether 

this method is better than the old method 

by logarithms, resolves itself into this : is 

it better to make one short accurate 

measurement on the ground, or to make 

large linear and angular measurements 

on the ground, and solve by the rules of 

trigonometry ? 
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For the solution of such problems in 
surveying as do not require the measure- 
ment of distances, the Geometry of Posi- 
tion affords methods, the merits of which 
are unquestionable. Such problems are 
those requiring the location of lines and 
very likely to occur in laying out and 
dividing land, as also in chain surveying 
and in town surveying. To take an 
instance, having two converging hues 
given as AB and CD, Fig. 9, let it be 
required to pass a line through their 
invisible point of intersection. If it be 
merely required that the line shall pass 
through the point of intersection, the 
problem is of the most general form 
and may be solved as follows: Set the 
instrument at any point not within the 
lines, as a, and sighting across them 
both locate the points 6 and V where 
the line of sight cuts them. Then turn 
the telescope so as to cut them at any 
other place and locate the points c and d . 
Turn the telescope through another angle 
and locate the points d and d' as before. 
Move then to fe, and sighting to d locate 
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the middle part of tiie diagonal he'. Then 
move to c, sight to 6', and find e exactly^ 
and continue this operation till the diag- 
onals cd' and dc' are located and / found. 
The line joining ef passes through the 
point of intersection of AB and CD. 
Although two points are enough to de- 
termine the line e/, an additional point 
may be obtained as shown by the dotted 
Hues in the figure. In using this method 
it does not make any difference where a 
is taken without the line, nor is any 
account taken of the angles the lines a 6, 
ac, ady etc., make with each other. 

If the problem takes a more limited 
form, and the hne must pass through 
a given point and the intorsoction of AB 
and B C, the solution may be effected in 
this wise. Let P (Fig. 10), be the given 
point. Set the instrument, as in the last 
case, at any point not between the lines 
as a, and locate, as before, the points b 
and h' j c and c' ; d and d'. Now move to 
the point P through which the line is to 
pass, and sighting to &', locate e" where 
the line of sight cuts ac. Also sight to b 
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and determine cf". Move to d'^ sight to 
d\ and stake out a portion of the line d' 
d\ beyond d'. Finally, move to d"^ sight 
to d, and find e exactly. The line through 
Pe will pass through the intersection of 
AB and CD. If the Unes AB and CD 
are very far apart, some time and trouble 
may be saved by beginning at 6, sighting 
to P, and find d" , Then setting the 
instrument at d" ^ sighting to d^ and 
locating a part of the line d" d. Repeat- 
ing this on the other side, beginning with 
b* the point e is rc^adily found. 

When the point P, instead of being 
within the angle made by AB and BC, 
as to the case in Fig. 10, lies without the 
angle, as shown in Fig. 11, the line may 
still be found as in the previous case. 

Where it is possible to put the instru- 
ment (when used) exactly on the line, a 
simple method is to begin at h (Fig. 11), 
sight in any direction and determine b\ 
and then a, anywhere on bh' produced. 
Then sight to P, and find d" approxi- 
mately. Next take any other point as c, 
sight to a, and find c'" exactly, and d' 
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approximately. Then take d anywhere 
on the line CD, sight to a, and find d', 
then to c"'j and find e as nearly as may 
be, then find c" by moving to fc', and 
finally e' by moving to c", and sighting 
to d'. 

Of the two, the first method is perhaps 
of more general application, as it affords 
simple methods of bisecting, trisecting, 
&c., the angle formed by the two lines, 
as will be shown when considering the 
appHcation of the Geometry of Position 
to drawing. It likewise affords a solution 
to the problem — of passing a hne through 
a given point parallel to a given Hne. 
Let AB (Fig. 12) be the given line, and 
P the point through which it is required 
to pass a line parallel to A B. Referring 
to Fig. 9, it will readily be seen, that, 
if C and d' be regarded as the points 
of divergence of two pairs of rays inter- 
secting at fdaCj then will dc be one 
diagonal and af the other. But if this 
latter, a/, be made to cut d'c' just mid- 
way, then will cc? be parallel to AB. This 
gives the solution for the problem in 



question. Lay off on the giv<'ii liij«* atiy- 
where, two oqual distances bv an* I rd. 
Through the point Z^ and the ^ven ]K»ini 
P draw a line, and in it lake mnj \Mm\\. 
as a. From a draw lines of indefiniio 
length through c and d) join dV Mini 
mark the point c' in which it cutw Ihr 
line ac. Through h an<l r' draw a linn 
till it cuts ad at d'. Then is d' a point on 
a line through P parallel to A H. 
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The solution is undoubtedly of most 
use in chain surveying ; yet it is evident 
that as affording a means of obtaining the 
bearing of an inaccessible line, of which 
two points only are to be seen, it is of 
value in all branches of surveying. By 
obtaining a line parallel to the inaccessible 
line, and then finding its bearing the de- 
sired result is accomplished. 
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CO-ORDINATE SURVEYING. 



Relation of SrKVKviN(; to (iKuDKsY. 

— Surveying is commonly (IcHihmI as the 
art of measuring, laying out and <livi<ling 
land. The similar but more connn'chcn- 
sive art of geodesy a})})li('s t<> tlio <'artli 
itself, as indicated bv tlu' ctvnioloii^v of 
the word, which is (h'rived from ;///, Ihe 
rarthy and daiaOj I diride. Its o])jects 
are, the determination of the form and 
dimensions of the eartli and of its dif- 
ferent portions; the continents and is- 
lands, with their lakes, rivers, mountains, 
civil divisions, etc. Its processes, lik(^ 
those of astronomy, upon which, indecMJ, 
it is to a considerable extent dependent, 
require instruments of a hi;L;h dei^ree of 
precision and mathematical com])ntations 
of great refinement. 

General Geodetic Co-okdixath Sys- 
tem. — Tn th(^ operations of the great 
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geodetic surveys of the world, including 
for our own country those of the United 
States Coast Survey, positions are finally 
determined by referring them to co-ordin- 
ate planes. The plane of the earth's 
equator forms one of these co-ordinate 
planes, and that of an assumed standard 
meridian another. If we should assume 
that the earth is spherical in form, with 
continual elevations, the position of any 
geodetical point could be fixed by deter- 
mining the direction in space of its radius 
vector, as referred to the two co-ordinate 
planes, and the length of this radius vec- 
tor, the origin being at the center of the 
earth. The angle with the equatorial 
piano made on either side by the radius 
vector would be the latitude j the angle 
made by its projection upon the equatorial 
plane with the meridianal plane measured 
in either direction around a semicircle 
would be the longitude, and the length 
of the radius vector, or rather its excess 
over that to the level of the sea, would 
be the altitude of the place determined. 
Owing, however, to the spheroidal form 
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of the earth, latitudes as observed and 
established do not exactly represent the 
co-ordinate angles here deccribed. The 
actual latitude of a place is the angle 
made by a normal to the earth's surface 
at that point with the equatorial plane. 
The geocentric angle could easily be 
computed from the latitude if the earth 
were an ellipsoid of revolution of known 
eccentricity. 

Irregular Form of the Earth. — But 
it has been found that this is not the true 
form of the earth. The equator, and 
probably all parallels of latitude taken 
at the level of the sea, vary more or 
less from true circles, indicating a want 
of homogeneity in the materials which 
make up the earth\s volume. Longitudes 
are measured by noting the earth's rota- 
tion angles on the undoubted assumption 
that its angular velocity is strictly uniform. 
By noting the difference in time between 
the passage of a normal to the earth's 
surface at any particular point, and of 
another normal at any point on the stand- 
ard meridian, across a celestial meridian, 
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we obtain an angle which is called the 
longitude of the former point, the longi- 
tude of the standard meridian being zero. 
Irregularities in the form of the earth of 
course change the direction of normals to 
its surface, and the co-ordinate system 
of latitudes and longitudes, used in geo- 
desy and navigation, is correspondingly 
irregular. 

Its Deter3:ination a Difficult Prob- 
lem. — In consequence of these irregu- 
larities, the problem of determining the 
exact form of the earth is an exceedingly 
difficult one. Instruments of the highest 
degree of precision must be used by skilled 
observers, and the combined results of a 
vast number of careful observations over 
widely extended areas must be subjected 
to the most refined mathematical investi- 
gation before its full solution can even be 
approximately obtained. 

Progress made in its Solution. — Its 

investigation has been going on, however, 
for one or two centuries, and very fair 
progress has been made. The great 
national surveys of the world have been 
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conducted by men eminently <iualiiied for 
the task, and the results of tliest* surv(»ys, 
80 far as completed, sfcni to approacli 
quite near to the rtttuinable limits oF 
accuracy. 

' United States Coast Survey. — This 
is particularly the ease with our own 
Coast Sur\'ey, which is probably unsur- 
passed, if not unequaled in precision and 
general accuracy. Our country, howcvtT, 
has thus far failed to realize some very 
important advantages which might be 
derived from these C\^ast Survey operii- 
tions although they have biMMi sufficiently 
carried out to rtmder tht^m available over 
considerable portions of th(> country. 

Objects of this Essay. — It is the 

object of this paper to point out a simple 
method by which the high degree of 
precision which accompanies the C^oast 
Survey work may V)e made available, in 
the ordinary operations of land surveyors 
and civil engineers in those districts over 
which the Coast Survey tiiangulations 
have been canned, and at the same time 
to call attention to the importance of an 
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extension of these triangulations over the 
entire country, either by the general or 
by State governments. One of the dis- 
advantages of our pecuhar confederate 
form of popular government is an appar- 
ent inability or indisposition t® undertake) 
works of acknowledged and eminent utility, 
unless they are popular with the masses 
or with those who control the machinerv 
of elections. It is certainly the experience 
of foreign countries, including several 
less wealthy and prosperous than our 
own; that these surveys are many times 
more valuable than their cost, in the aid 
they afford to the carrying out of internal 
improvements, to the equalization of taxes, 
and to many of the necessary operations 
of general and municipal governments, 
as well as of piivate individuals. But 
in this country where legislation usually 
follows, instead of leading, the expressions 
of general public opinion, such works 
are likely to await the slow and gradual 
cultivation of the i)opular mind to a proi)er 
ai)preciation of their great utility. 
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Congressional Legislation. — In th(^ 

meantime, it must be admitted that C^on- 
gress has enacted a very liberal and 
wis^> law, by which the Coast Survoy 
is authorized to extend its trianji^ulation 
over any State in which scientific sur- 
veys have been provided for by tlu^ 
State Legislatures jMoreover, the Super- 
intendent of the (^oast Survey evinces 
a disposition to construe this act with 
great liberality. It is understood that 
he will, where thorough topographical 
surveys ar(> undertaken by State author- 
ity, cause the subsidiary triangulation to 
be carried to any reasonable degi'ee 
of minuteness, with the same refined 
accuracy which has characterized the work 
already done by the officers of the sur- 
vey. Indeed, with their elaborate de- 
termination of local irregularities in the 
form of the earth, and their well-organ- 
ized corps of skilled observers and 
computers, they have an immense ad- 
vantage, which could hardly Iw soon 
attained by any new organization, for 
extending the triangulation over whole 
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States and carrying it to the secondary 
and tertiary stages. 

Triangulation op Massachusetts. — 
The State of Massachusetts is entitled to 
the credit of being the first of the United 
States to recognize the importance of 
having her territory carefully surveyed 
and to commence upon such a work. 
More than forty years ago a triangula- 
tion was commenced which was completed 
in 1842. This triangulation will compare 
favorably with the Coast Survey work 
and with the other geodetic surveys of 
the world. But a surprising indifference 
to its value, or potential utility, seems to 
have prevailed, and up to the present 
time no further use has been made of 
it than to adopt it for the basis of such 
State and county maps as have from 
time to time been pubHshed. These maps 
give only the horizontal locations of ob- 
jects obtained from such imperfect sur- 
veys as could be paid for by the sale 
of maps, published entirely by private 
enterprise, no assistance being given by 
the State. 
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State Scientific Suuvkys. — A<- tli<^ 

present time, the subject of Heieiitili(? 
surveys is being agitated in the Stat<iH of 
Massachussetts, Rhode Islaiid, ('Oiuieeti- 
cut and New York. The latter Statt^ ap- 
propriated $20,000, in 1876, for proliininary 
organization, to effect which it a})i)()ini<Ml 
a skilled director. The other States men- 
tioned have organized connnissious to 
investigate and report on th(^ subject. 

Reform needed in Land SuitVEYiNn. 
— Before proceeding to describe thci pro- 
posed combination of surveying with 
geodesy, a brief consideration may be 
permitted of the urgent need of reform 
in the prevalent methods of land sur- 
veying and of writing descriptions in 
conveyances of land, based, as many of 
these descriptions necessarily are, upon 
imperfect surveys and frequently upon 
no surveys at all. Lawyers and land 
surveyors are perhaps most familiar with 
the shortcomings of these conveyances 
in failing properly to describe the prop- 
erty conveyed. A large share of the 
litigation of the country arises from 
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this cause. Indeed, the laxity in this 
respect is something almost incredible. 
Scarcely one deed of conveyance in a 
hundred will be found to contain such 
a description of the land conveyed as 
would ^x its location with certainty, 
if the fences, walls or other inclosures 
should become obhterated, a contingency 
which is quite Ukely to arise. 

Conflagration of Detroit. — An oc- 
currence of this kind on a rather extensive 
scale took place in 1805, when the city of 
Detroit was devastated by fire, and so 
thoroughly destroyed, that it was found 
quite impossible to ascertain the former 
boundaries of estates. The restoration 
was entrusted to the Governer of the 
State and a council of judges, who could 
find no better way out of the difficulty 
than by re-laying out the city on an 
entirely new plan, dividing the lots among 
the former owners as equitably as pos- 
sible. 

Notwithstanding this experience, the 
lines of streets and lots in Detroit are 
now so uncertain that disputes and litiga- 
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tion in regard to them are of contmual 
occurrence. The same is true in most 
of the cities and large towns of the United 
States, especially in suburban districts 
and growing villages where land is rapidly 
increasing in value. 

Faulty Descrii^ions in Land Con- 
veyances. — If we examine the desc'rip- 
tions given in land conveyances, we shall 
find that they usually fail to fix either 
the location of the property by references 
to permanent land marks, or even tlie 
position of its boundary lines relative 
to each otlier. Frequently the tract 
conveyed will be bounded in the deed 
by the several tracts adjoining, of which 
the only description given is to state 
the names of the supposed ownei^s. In 
many deeds all dimensions are omitted, 
and only an indefinite approximation to 
the quantity of land conveyed is given, 
the statement being that it contains about 
so many acres, "be the same more or 
less.'' Where good permanent division 
fences, walls, hedges, ditches, streams, 
shore lines, bound-stones, stakes, &c.. 
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mark the boundaries, and are properly- 
described, such descriptions may answer 
the purpose so long as the boundaries 
remain unchanged, although such in- 
definiteness as to quantity would hardly 
be tolerated in the sale of other kinds of 
property. 

Obliteration op Monuments. — But 

physical monuments are continually be- 
coming obliterated even when well defined 
at first. It is said to be an old custom 
in some parts of the country to take 
children once in every year to important 
boundary comers, where monuments have 
been erected, to the location and sur- 
roundings of which the careful attention 
of the children is directed. If on a 
subsequent visit their memory is found 
to be at fault, it is refreshed and deepened 
by combining with it that of a sound 
flogging. 

Unreliability op Surveys. — Even 
where surveys have been made, they are, 
in many cases, so unreliable that the 
recollection of old residents in the vicin- 
ity, considerately stimulated, perhaps, in 



181 

their youth, in the way described, is more 
reHable in determining the proper loca- 
tion of lost boundaries, than the retracing 
of old surveys. This is not surprising 
when the modes of surveying and the 
character of the instruments used are 
taken into consideration. 

Outside of cities and larger towns, the 
instruments usually employed in surveying 
are the chain and compass. The method 
is to perambulate the boundary line of the 
tract to be surveyed, taking the magnetic 
bearing with the compass, and measuring 
with the chain the lengths of eac'h side of 
the polygon forming the boundary. 

Imperfection of the Compass.— ^Now, 
provided the bearings thus taken were 
precisely measured angles from fixed par- 
allel meridians, whose directions could 
always be easily ascertained, when a 
re-survey should be needed, no better 
method of noting directions could bo 
desired. But this is far from being 
true. The magnetic force, to which the 
direction assumed by the needle is due, 
is quite in^egular in its actions, changing 
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its direction continually, backwards and 
forwards, even during the difEerent hours 
of the day, while larger oscillations ex- 
tending sometimes to many degrees of 
arc take place in irregular cycles, perhaps 
one or two centuries in duration. And 
this is not all. In regions containing 
metalHc deposits, especially magnetic iron 
ore, very irregular and powerful local dis- 
turbances of the magnetic force arise, 
causing the needle to take widely differ- 
ent directions, even at points in close 
proximity to each other, thus destroying 
paralleHsm of action, and rendering the 
compass quite useless for ascertaining true 
directions. 

Beside the uncertainty of the magnetic 
meridian, there is an incapacity of pre- 
cision in the use of the compass for 
measuring angles. The needle must 
swing clear of the graduated Hmb, and 
cannot be suspended for field use with 
very great delicacy. In practice it is 
usually impossible to read a magnetic 
bearing with gi*eater precision than to 
the nearest ten mmutes of arc. 
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Theodolite and Surveyor's Transit. 

— The theodolite and the surveyor's Tran- 
sit are instruments of far greater pre- 
cision, and are generally used in cities, 
and for more valuable farm lands, also 
for engineering works, roads, railroads, 
&c. Those in ordinary use measure 
angles to single minutes. 

In land surveying, the common method 
of using these instruments is to measure 
the angles formed by the sides of the 
bounding polygon with each other, and 
sometimes for verification with one or 
more diagonals. The compass needle, 
usually attached, affords an approximate 
means of ascertaining azimuths, but with 
no- more precision than with the ordinary 
compass. It is, accordingly, quite as dif- 
ficult to retrace obhterated boundaries 
with these instruments as with the con- 
pass, unless one or more well-defined lines 
remain for reference. 

Solar Compass. — Burt's solar compass, 
now used in the surveys of the public 
lands at the West, for running out the 
parallel and range lines, is a great im- 
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provement upon the magnetic compass 
in the accuracy of its azimuths if not 
in the precision of reading minute an- 
gles. The direction of the sun, with 
proper adjustment of the instrument for 
the latitude of the place, and declination 
of the sun, and hour of the day, affords, 
of course, a reliable means of obtaining 
the true azimuth of an observed line 
with as much precision as the mechani- 
cal construction of the instrument per- 
mits. The use of the solar compass, 
however, is limited to sunshining or 
sUghtly cloudy days, the middle por- 
tions of which, moreover, are unfavor- 
able to accurate observations, and at 
best the precision of its angular measure- 
ments is much inferior to that attainable 
with the transit. Nevertheless, for the 
preUminary surveys of wild lands, where 
no trigonometrical survey has been made, 
and where rapidity and economy are re- 
quired, as in the government surveys of 
western lands, it is a very convenient 
and useful instrument. 
Measurement op Distances. — The 
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direct measurement of distances is attend- 
ed with even more difficulty than that 
of the determination of directions. It is 
accomplished by the repeated application 
of the chain, tape or measuring rod, as 
nearly as possible, upon the line to be 
measured. Passing over inaccuracies in 
the length of the measuring standard, 
arising from imperfections of construction, 
inequalities of temperature, changes of 
length by stretching, kinking, &c., the 
difficulties of making the direct applica- 
tions are frequently quite serious. It 
often happens that access to all parts of 
the line to be measured is difficult, if 
not impossible. In fact, the boundaries 
of improved properties are generally in- 
dicated by walls, fences, hedges, ditches, 
etc., which occupy a considerable width 
upon the ground, being partly upon either 
side of the dividing line, upon which it 
therefore becomes impossible to apply the 
measuring standard. In such cases, it is 
usual to measure the opposite sides of 
imaginary parallelogram, equal oflEsets 
being made at the ends of the Une, and 
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the measurements effected between the 
offset points. The offset angles are quite 
frequently estimated by the eye, and 
brought as nearly as possible to right 
angles. Even if these angles are instru- 
mentally measured, the operation becomes 
complicated, thus increasing the liability to 
error. Impassable obstacles along boun- 
dary lines are of frequent occurrence, 
and various expedients, more or less 
compHcated, are resorted to for ascer- 
taining the distances through them. The 
di£[iculties of measuring accurately over 
uneven ground, requiring a careful and 
laborious use of the plumb line, the 
avoidance of sagging or unequal stretch- 
ing when the chain is used, the exact 
marking on the ground of the end of the 
measuring standard, &c., are famiHar to 
all land surveyors. 

Measurements of Angles. — It is easy 
to see that the measurements of angles 
with good instruments can be performed 
with far greater ease and precision than 
the measurements of distances by the 
ordinary methods. Either mode of meas- 
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urement is merely a dotemiination of 
ratios. Thus, when we iiK^asure tlie 
length of a line by direct applications 
of a standard length upon the ground, 
we simply ascertain the ratio between 
the length of the measured line and tliat 
of the chain. So, if we measure the 
three angles of a ti-iangle, we know, by 
a simple computation, the ratio of its 
three sides to each other. The percent- 
age of error in the ratios, as found by 
either method is much less in the meas- 
urement of angles with good instruments j 
for although the distances which are 
compared togeth(»r in this measurement, 
namely, those marked in degrees along 
the limb of the instiiiment used, are 
many times smaller than those com- 
pared together in the measurement of 
distances upon the ground, the nicety 
of the mechanism and the ease of the 
verification by repetition admit a pre- 
cision quite unattainable in actual gi*ound 
measurements, except by slow and labori- 
ous processes. 
Trigonometrk^al Survey. — In the 
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trigonometrical survey this superiority of 
angle measurement is practically recog- 
nized. Convenient points are selected, 
at suitable distances from each other, 
where the angles between imaginary Hues, 
joining adjacent points, can be measured. 
The whole area to be surveyed is cut 
up by these Hues into a net-work of 
triangles, and the ratios of the sides of 
these triangles to each other are deter- 
mined by measuring the angles between 
them. Then, when we ascertain the 
length of any one side of any one tri- 
angle, we can compute all the sides of 
every triangle, or the distances from point 
to point throughout the whole survey. 

Degree of Accuracy Attained. — 
The accuracy of the result, accordingly, 
depends upon the precision with which 
this one side or base Hne is measured, as 
well as upon the accuracy of the angle 
measurements. It is usual to verify the 
whole of the work by measuring another 
base line in a distant part of the net- work 
of tnangles. For example, in the Coast 
Survev work, a base line was measured 
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at Fire Island, on tlie south si<l(» of 
Long Island, in 1834; another in Attlo- 
borough and Sharon, Massachusetts, in 
1844; and another near the villaji^e ot* 
Epping, in Columbia, Wasliington county, 
Maine, in 1857. The distance between 
the Fire Island and Massachusetts bases, 
along the axis of triangulation, was 230 
miles, and between the Massacliusetts 
and Epping bases 295 niik^s. The length 
of the Fire Island base, 8,715,024 meters, 
or 5.415 miles, fis actually measured, 
varies from the length, as computed from 
either of the other two bases, l)v less 
than 0.07 meters, or 2.75 inches ; and 
the probaV)le en'or of any computeil line 
between these two bases is shown by 
careful analysis not to <^xceed -g-sirVoTr ^^ 
its entire length. This proportion of 
eiTor to distance amounts to 0.22 inches 
in a mile, or a little less than 2 feet in 
100 miles. 

This degree of accuracy indicates the 
wonderful skill which has been attained 
in the construction and use of instru- 
ments both for the measurement of base 
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lines and of angles. Thus, if we compare 
the actual distance upon the limb of a 
theodoHte, 30 inches in diameter which 
corresponds to an error of ass^ooo ? which 
we shall suppose to be all thrown into 
one of the three angles of a single well- 
conditioned or nearly equilateral triangle, 
we shall find it equivalent to about -g^^rJinr 
of an inch,* being about 0.71 seconds 
of arc. 

The percentage of error here developed 
is so small that it would not practically 
vitiate the measurement of lands even 
in the most valuable localities of great 
cities. 

Superiority of the Trigonometri- 
cal Method. — The degree of precision 
commonly attained in direct measure- 
ments of distances by ordinary methods 
falls very far short of this, and even of 



* More exactly 0.000052 inches, for we have 
radius = 57.3°, nearly, in terms of arc; or mak- 
ing radius = unity, 1° = ^Vs, 1" = soa^soo and 
Tj^-g'^^py = 0.71" nearly. Conversely in terms of 
distance, if radius = 16 inches, ^^IJ^^j = 0.000052 
inches. 
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that attainable in angle measurements 
with the ordinary surveyor's theodolite 
or transit. 

It follows that accuracy, even in com- 
mon surv^eying, would be promoted by 
using the method of triangulation for 
ascei*taining ratios, whenever practicable 
or convenient, in preference to the com- 
mon methods of traverse surveying. In 
the survey of a field or tract of land, 
for example, triangulation from one or 
two judiciously selected and carefully 
measured bases would give the positions 
of the corner^ and other objects with 
greater accuracy and far less labor than 
the usual routine of perambulating the 
outside boundaries, which is now taught 
in treatises on surveying, and generally 
practiced by surveyors. 

Advantages of Combining Survey- 
ing WITH Geodesy. — With the faculties 
afforded by the Coast Survey triangula- 
tions, when carried to the tertiary stage 
it is not difficult to perceive that a general 
method of determining the positions of 
points of by co-ordinates might be es- 
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tablished, and that while determinations 
thus made would be far more satisfactory 
and definite than those obtained by the 
ordinary methods of surveying, they 
would involve no more labor. Under 
such a system, the field work might 
consist of such a combination of tri- 
angulation and traverse surveying as 
would be found most convenient under 
the special circumstances. 

To carry out such a system, the trigo- 
nometrical stations should be located so 
near together that two or more of them 
would be available for any subsequent 
local survey. If not otherwise visible 
there should be convenient arrangements 
for the temporary erection of signals 
upon stations to indicate their positions, 
making them visible from adjacent sta- 
tions. 

TKANSFOR3IATIOX OF CO-OKDI ATES. — 

While for geogi^aphical pui'jjoses, the great 
co-ordinate planes already < Ascribed are 
the most suitable for reference ; simplic- 
ity and convenience would be proinoted 
by transforming this general co-ordinate 
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system into numerous plane rectangular 
systems in limited local areas. Accord- 
ingly, instead of defining the position of 
a point by giving its terrestrial latitude 
and longitude, we would give its ^' latitude 
and departure," or its co-ordinates, from 
the zero point or origin of co-ordinates 
for the containing area. 

For this purj)Ose the local areas, into 
which the earth's surface is subdivided 
should be made sufficiently small to re- 
duce the error which would arise from 
considering each separate area or plane 
surface, to an inconsiderable amount. Six 
miles square is not far from the average 
area of townships in the northern, mid- 
dle, western, and most of the southern 
States. The bulge of curvature, or the 
versed sine of half the arc of six miles 
would be about six feet. This would 
make the proportional difference between 
the straight and the curved distance, or 
between the length of the cord and of 
the arc, much less than the percentage of 
probable error inseparable from measure- 
ments of the utmost attainable precision 
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in actual practice. Township boundaries, 
therefore, would seem to afford the most 
convenient divisions between separate 
co-ordinate systems. If, however, as is 
the case in a few of the Southern States, 
no smaller subdivisions than counties 
exist, these are not usually so large that 
the use of a single co-ordinate system 
over its areas would involve any important 
error. 

Direction of Axes.— The most ap- 
propriate and convenient directions for 
the axes would doubtless be found in 
meridians and perpendiculars to them, 
since azimuths reckon from the merid- 
ional axes would then conform very 
nearly to the true astronomical azimuth. 
Owing to the convergence of meridians, 
there would be a small variation from 
the true azimuth, increasing with the 
distance from the axis, but no practical 
error need arise from this cause. The 
true azimuth, if needed, is easily com- 
puted by the formula, 

tail, i C = sin. L tan i P, 
in which L is the middle latitude between 
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•the origin and the i)oint where the con- 
vergence is to be computed, P the differ- 
ence of longitude between the same 
points, and C the convergence sought. 
In passing from one district to another 
however, a certain degree of compHcation 
arises, and it becomes necessary to take 
the convergence into account. We may, 
without practical error, consider any two 
adjacent districts as lying in a plane 
produced by developing a conical sur- 
face tangent to the earth on the middle 
parallel of latitude between the origin of 
the two districts. On this plane this 
convergence of the meridional axis of 
small districts will conform to the above 
formula, and the small angle of conver- 
gence measures the change of direction 
between the co-ordinate systems of the 
two districts. 

Passing from one District to An- 
other. — In the passage from one dis- 
trict to another, four different cases 
of transformation of co-ordinates arise, 
namely : 
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1st. When the origin of the new »■ :,ik,a^ 
is east and north of the origin of tne old 
system. 

It will of course, be necessary, while 
assigning positive values to latitudes and 
departure in one direction, to give nega- 
tive values in the opposite direction j thus 
if north and east are to be reckoned as 
positive, south and west must be reckoned 
as negative. 

In this first case the old co-ordinates of 
the new origin are, accordingly, positive, 
while the new co-ordinates of the old 
origin are negative. Or, if we call the 
old co-ordinates a and 6, and the new ones 
a' and b', a and b are here positive, and a' 
and 6' negative. 

2d. When the new origin is west and 
north of the old, or a negative, b positive, 
a' positive and b' negative. 

3d. When the new origin is west and 
south of the old, or a and b negative, and 
a' and b' positive. 

4th. When the new origin is east and 
so\ith of the old, or a positive, b negative 
a' negative and b' positive. 
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For ascertaining th(> new co-ordinates 
o£ the old origin, the equations, 
— a' = a COS. ^-\-h sin. ^, 
— b' = hcos,ip — asin.^', 
would prove correct in all these cas(»s, 
provided proper positive and negative 
values were given to the different terms 
in the eciuations. It is necessary to 
remember, however, that ip, the angle 
of change in direction, between tht» old 
and new axis, is positive, according to 
trigonometrical usage, when reckoned 
from zero around towards the left, and 
negative in the opposite direction, whih^, 
according to the geodetic method of es- 
timating azimuths, positive angles are 
reckoned around to the right. 

To avoid the confusion which might 
arise from these different method of 
estimating angles, or from assigning a 
negative value to tp, equations are given 
below for each of the four cases. Their 
correctness will be apparent on simple 
inspection of the accompanying figures, 
in which O and N are the old and new 
origins respectively: 




N 
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Case First. 

a' = a COS. tp + 6 sin. tp^ 
y = heos.tp — ^asin. tp. 

Case Second. 

J a' = acos.^ + ^sin.^. 
o h^ = bcos,tp — asin.^. 



Case Third. 

a^ = a COS. tp — 6 sin. tp, 
h' = h COS. ^p + a sin. tp. 

Case Fourth. 

5' a' = a COS. ip — h sin. ip, 
N jy z=zj) COS. ^ + « sin. tp. 



In these equations the negative sign 
is omitted before a' and h', but we must 
remember that they are always estimated 
in directions opposite to those of a and h. 
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Since ip is a very small angle, cos. tf7 
approximates closely to unity, and it ap- 
pears by these equations that a' is greater 
than rt, and b' is less than b when the 
iH^w origin is farther north than the old, 
while a' is less than a, and &' greater 
than b when the new origin is farther 
south than the old. 

Having found the new ordinates of the 
old origin, that is of O referred to N, the 
ordinates of any point referred to the 
new origin may be computed from its 
old ordinates by the equations : 

x = x' cos. tf" — ^' sin. ^ + a 
^ = z-' sin. ip = y' cos. ^'-\-b] 

in which x = departure of any point as re- 
ferred to N, 

x' = departure of the same point 
as referred to O, 

^ = difference in latitude of any 
point as referred to N, 

^' = difference in latitude of the 
same point as referred to O, 

a = departure of the origin of O 
as referred to N, 
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2» = difference in latitude of the 

origin of O as referred to N, 

f = the angle of convergence of 

the meridional axes of N and 

O. 

These are the formuke for passing from 

one system of rectangular co-ordinates to 

another in the same place. 

In these equations, we may consider 
north and east to be the positive direc- 
tions, as before, the opposite directions 
being negative. Also ^w. if" is positive 
when the change of axial direction is 
towards the left, and negative when in 
the opposite direction ; that is, positive 
when N is farther east than O, and 
negative when farther west. Cos, ^ will 
always be positive, since t/' is always 
either in the first or fourth quadrants. 

In Pig. 5, the point P, 
of which X and y are the 
new co-ordinate, is east 
and north of the axis 
passing through O, mak- 
ing X and y greater than 
a and h respectively, and all the terms 
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of both equations have, accordingly^ posi- 
tive values. But \£ x, oo* ot ahe estimated 
towards the west, its sign must be reversed 
when particular values are substituted in 
the equations ; likewise, if y, if' or b have 
a southern direction, its sign must be 
reversed. 

Co-ordinates in a single District. — 

It is hardly necessary to say that when 
the azimuth and distance are given from 
a point whose co-ordinates are known 
to any other points, the co-ordinates of 
the latter are found by multiplying the 
given distance by the sine and cosine of 
the azimuth, the first product giving the 
dei)arture and the other the difFerence 
of latitude. 

Verifications. — Before finally estab- 
Hshing the co-ordinates of a survey its 
accuracy should be tested in the most 
rigid manner, both as regards the in- 
strumental observations and the com- 
putations. The computations are easily 
vitrified by working to the same i)oint 
froin different directions. Some methods 
of verifvintir the field work are indicated 
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in the accompanying plates and explana- 
tions. Others will suggest themselves 
to the surveyor under different circum- 
stances. 

Illustrations op Notation. — Plates 
I. and II. exhibit the sort of notation 
which may be employed under the system 
proposed. Instead of magnetic bearings 
or angles written between lines, azimuths 
are given, which are estimated around to 
the right from zero at due north to 360° 
or due north again. From these azimuths 
angles around to the right are easily found 
by subtracting the first azimuth from 
the second^ adding 360® to the latter if 
zero comes between. 

The co-ordinates are here given in 
feet, but metres, chains or any other 
standard units mav be used in the same 

ft- 

wav. The letters N. E. S. W. indicate 
the directions for the origin, north, east, 
south or west. Points upon the division 
lines between two adjacent districts have 
their co-ordinates <!:iv(^n in both. For rail- 
road survevs, it would be found convenient 
in plotting to have the co-ordinates of 
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tangent points and centers of curves 
given, even though the latter should not 
appear upon the plan. Other convenient 
details of notation will suggest themselves 
to engineers, and indeed the plates are 
only intended to present to the eye the 
general features of the method proposed. 
A great variety of cases will arise in 
practice, many of them requiring special 
treatment. 

Computation of Areas. — Areas are 
computed under this system with special 
faciHty and certainty, the method being 
the common one of double latitudes and 
departures. This method is prescribed 
by law in the State of Ohio, for calculating 
areas of farming lands and for testing 
the accuracy of surveys made with the 
surveyor's compass. 

Descriptions for Conveyances. — ^For 
definite and accurate descriptions of land 
in conveyances, it does not seem possible 
to devise a more precise and certain 
method than that of co-ordinates from 
geodetically determined reference points 
of origin. The present loose and indefi- 
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iiite descriptions in conveyances, upon 
which the tenure of a large part of the 
real estate of the county now depends, 
are disgracefully uncertain, and frequently 
lead to excessive expenses of unnecessaiy 
htigation, and sonaetimes to costly errors 
of misplaced constructions. 

Convenience in Constructing Maps. 
— In the construction of maps and plans, 
co-ordinate determinations will be found 
especially convenient. After completing 
the survey of any portion of a district, it 
is easy to place it in its proper position 
upon the map of the entire district, with 
the certainty that other portions subse- 
quently surveyed will fit into their proper 
places, without the perplexity and the 
distortions frequently accompanying the 
attemps to unite two or more independent 
surveys made under the methods in com- 
mon use. 

Summary of Advantages. — A few of 
the advantages which may be expected to 
follow the general adoption of the co-ordi- 
nate method of surveying may be summed 
up as follows : 
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First — The attainment of the highest 
practicable degree of accuracy as w(»ll in 
smaller local surveys as in more extended 
operations. The units of measurement 
which form the basis of the United 
States Coast Survey have been most 
carefully compared with those of the 
entire civiHzed world, and with the di- 
mensions of the earth itseK, and are 
verified to a degree of precision beyond 
which the present attainments of scien- 
tific skill have not passed. 

Second, — Extreme simplicity of notation, 
with ease and convenience of field work 
and computation. 

Third. — Facility in graphic represention. 

Fourth. — Absolute certainty of locations 
in descriptions for conveyances, and con- 
sequent removal of a fruitful cause of 
litigation and trouble. 

Altitudes. — No change is proposed in 
the existing methods of determining the 
third ordinate or altitude. The most 
convenient mode of fixing this ordinate 
pre-supposes that the form of the earth^s 
surfaces, or of that surface which would 
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be presented if tlie irregular surface of 
the land were raised to the level of the 
sea, has been accurately determined by 
geodetic operations, so that in ordinary 
surveying we have only to ascertain the 
heights of our points of survey above 
this imaginary level. This is done by 
using the spirit level, by measuring 
vertical angles, and by barometrical 
observations. The first method admits 
the greatest degree of precision under 
ordinary circumstances, and is almost 
exclusively used for engineer purposes. 
Plate I. represents a tract of land 
lying partly in Pomfret and partly in 
Weston, two adjacent towns. One side 
is bounded by a lake, and a road passes 
through the tract. Several of its comers 
are visible from the point A. The paint 
B, where the town line crosses the west 
side of the road, is one of the stations 
fixed by the preliminary trigonometrical 
survey. All the co-ordinates upon this 
plan have been determined by comput- 
ing the latitudes and depaartures,. directly 
or indirectly from this point. The con- 
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vergence of the axial meridians in the 
two towns is 31'', and the co-ordinates 
of the origin in Weston referred to Pom- 
fret, are, 

a = 3513.27 E, and b = 15217.81 S. 

From these we can compute the ordi- 
nates of the Pomfret origin referred to 
Weston, by the formulae for Case Fourth : 

a' := a cos. ip — 6 sin. ^, 

b^ = h COS. f/^-\-a sin. i/:, 

substituting values 

(cos. 31'' = 1: V; log. sin. 31" = 6.1769365) 
a' = 3513.27—15217.81 sin. 31" = 3510.983 
b' = 15217.814- 3513.27 sin. 31"= 15218.338 

Reversing the directions, 

a = 3510.983 W.b = 15218.338 N. 

Equations for pcLSslng from Ponfret into 
Western. — The general formulae are : 

X = x' COS. ?/' — y' sin.//' + a. 

y^^x' sin. ^'-\-y COS. tp -\- b. 
In this case tf'=z-\- 31" (in passing east- 
ward from Pomfret to Weston the axis 
swing around to the Jeftj and the angle 
of change is positive, according to trigo- 
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nometrical usuage) : a = 3510.983, and b = 
15218.328. Substituting values, the equa- 
tions become : 

x^x'—y sin. 31''— 3510.983 

y^x' sin. 31'' +^ + 15218.338. 

Equatwns for pcifising from Weston to Pom- 
fret — In this ease ^' = — 31" (reckoned to 
the right), a = 3513.27, and b = 15217.81 j 
substituting values : 

x = x'+y' sin. 31" + 3513.27 

y = —x' sin. 31" +y — 15217.81. 

Double pairs of co-ordinates are given 
along the town line, and either pair may- 
be computed from the other by using 
these equations. The accuracy, both of 
the equations and the computations are 
verified by reversing the method. 

Verification of the Survey. — At the point 
C, where three trigonometrical stations 
can be seen, azimuths were taken to each 
and the co-ordinates of C computed by 
the "three point problem." They are 
859.36 W, and 7073.59 N, from the origin 
of Weston. The Azimuth from C to the 
southeast comer of the tract is 138°41', 



PLATE 11. 
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and the distance 6J5 fec^t, f^i'^'^Jig the co- 
ordinates of C, 859.41. W, 7073.51 N. 
The degree of accuracy here indicated 
would probably be sufficient under ordi- 
nary circumstances. 

Plate II. — In running railway sur\'eys, 
everj^ opportunity should be taken to 
connect ^vith the trigonometrical stations 
which become accessible near the Une, so 
.as to verify its direction and the position 
of the stakes or stations. The methods 
of doing this by triangulation and otlnT- 
wise are simple, and will readily suggest 
themselves to the engineer. This plate 
illustrates the passages of a railroad surv^ey 
across a town line, passing from one sys- 
tem of ordinates to anothc^r. 

The ordinat<\s of the origin in Dexter 
referred to Elliot, are : 

28243.13 E. 31497.21 N. 
and the converg(jn(*(^ is 4' 10''. 

By the equations given for Case First 
we find the ordinate's of Elliot referred to 
Dexter to be 
(cos. 4M0" = 1,1()^^ sin. 4' 10'' 

=7.0819376.) 



